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you will study in Algebra i. BP 
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Jet Pilot, p. 34 Surveying laud is the 


respousibility of surveyors, 


Director of Photography, p. 42 survey Peelnans dud 


Scuba Diving Instructor, p. 48 


mapping scieutists. They 


Kennel Owners, p. 90 measure distances, augles 
Market Researchers, p. 115 <2 between points, avd elevatious. 
Park Ranger, p. 136 
Emergency Medical Technicians, p. 147 

: ZOOLOGIST pp. 236 
eromivect, p. 158 4 Se ete = Zoclogists are 
Surveyors, p. 231] < oe ee Bee | biologists who study 
Zoologist, p. 236 = 5 Pe S24) animals iv vatural 
City Planners, p. 243 ‘e aud controlled 

surroundings. 

Nurses, p. 252 
Anthropologist, p. 287 
Graphic Designers, p. 3/8 


Quality Control Inspector, p. 355 
Nutritionist, p. 365 

Webmaster, p. 400 

Carpenters, p. 430 

Lighting Technicians, p. 434 
Chef, p. 436 

Engineering Technicians, p. 454 
Floor Trader, p. 465 


Pharmacists, p. 489 LANDSCAPE DESIGNER pp. 606 

Landscape designers plau aud 

; : map out the appearance of 

Financial Analysts, p. 545 outdoor spaces like parks, WEBMASTER p. 400 


Electrical Engineers, p. 581 gardens, golf courses, aud Webwasters build Web sites for 


Mineralogists, p. 509 


other recreational areas. clieuts. They ofteu update their 
techuical skills to meet the 
dewavds for first-class Web sites. 


Landscape Designer, p. 606 
Model Builder, p. 647 

College Recruiter, p. 654 
Service Industry Careers, p. 674 
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2 NURSE p. 252 

Paleontologist, p. 7// 4 FZ fm Registered uurses are often 
Accident Reconstructionist, p. 7/3 , respousible for measuring vital 
Cartographer, p. 749 : j siqus aud giving correct doses 


Lawyers, p. 760 of medication. 


STUDENT HELP 


YOUR BUILT-IN 
LEARNING SUPPORT 


[> Youn teathoaok comlains many special 


elements to help you learn. It provides several study 
helps that may be new to you. For example, every 
chapter begins with a Study Guide. 


Guide starts with a short 
description of what you will 
be learning. 


Key Vocabulary This list ----------+--+ 
highlights important new terms 
that will be introduced in the 
chapter as well as reviewing 
terms that you already know. 


Skill Review These -----++++++ sseauaancee PREPARE ] 
exercises review key skills 
that you'll apply in the 
chapter. They will help you 
identify any topics that you 
need to review. 


[ Study Tip 


“Student Help” boxes 
throughout the chapter 
give you study tips and 
tell you where to look for 
extra help in this book 
and on the Internet. 


Study Strategy The study ------------ 
strategies suggest ideas to 

help you better understand 

the math you are learning as 

well as help you prepare 

for tests. 


k STUDY 
STRATEGY 


Chapter 1| is an introduction to algebra. In Chapter | you'll learn to 


* write and evaluate expressions. 

* check solutions to equations and inequalities and use mental math. 
* use verbal and algebraic models to represent real-life situations. 

* organize data and represent functions. 


KEY VOCABULARY 


> New 

¢ variable expression, p.3 
* unit analysis, p. 5 
verbal model, p.5 

* power, p.9 


* exponent, p. 9 

* base of a power, p.9 
* order of operations, p. 16 ¢ input-output table, p. 46 
* equation, p. 24 ¢ domain, p. 47 

* solution of an equation, p.24 * range, p. 47 


* inequality, p. 26 
* function, p. 46 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you'll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Write the percent as a decimal and as a fraction or a mixed number in 
lowest terms. (Skills Review, pp. 784-785) 


1. 60% 2. 33% 3. 0.08% 4. 150% 


Complete the statement using > or <. (Skills Review, pp. 779-780) 
5. 899 ? 901 6. 64.1 _? 64.03 7. 2050 _?. 2005 8. 0.099 ? 0.01 


Find the area and perimeter of the figure. (Skills Review, pp. 790-791) 


: /. ' =e 
1.6 mi 


5 ft Att 
5.2 mi 


3.5 cm 


Here’s a study 


strategy! Keeping a Math Notebook 


* Keep a notebook of math 
notes about each chapter. 
ia from your homework exercises. This ne : 
elp you remember new concepts and skills. 


° Review your notes ea 
ch day before you st 
hext homework assignment. ae 


THE LEFT-TO-RIGHT RULE Operations that have the same priority, such as 
multiplication and division or addition and subtraction, are performed using 
the left-to-right rule, as shown in Example 2. 


GLE Using the Left-to-Right Rule 


a.24-—8-—6= (24-8) -6 
= 16-6 
= 10 


Work from left to right. 


b. 15*2+6=(15+2)+6 
=30+6 


Work from left to right. 


Also, in every lesson you =e = 
i " # 7 i ce. 16+4+2-3=16+ (4+2)-3 Divide first. 
will find a variety of Rearlcl of gle =16+2-3 
‘ou do not perform the 
Studen t Help n O tes 7 | spratesfomieta = (16 + 2) -3 Work from left to right. 
| has a higher priority than = 18-3 
addition and subtraction. = 


d ORDER OF OPERATIONS 
STUDENT HELP 
1. First do operations that occur within grouping symbols. 
, 2. Then evaluate powers. 

. 3. Then do multiplications and divisions from left to right. 
Mm In the Book rs 4. Finally, do additions and subtractions from left to right. 
Study Tip The study tips will help * 
you avoid common errors. GUIDED Prattte bar can act as a grouping symbol: (1 + 2) + (4— 1) = + 
Skills Review Here you can fin d. Vocabulary Check és whether 2 is the x-intercept or the y-intercept of the line y = 2x + 2. 

, sing aGraction Bar 
where to review skills you've \ _ 7 a 
*e, s HoMeweRKeBtCheck 7: How y many, paints are needed to determine a line? 

studied in earlier math classes. ., coat Fy B Daecifeh Bert nas Va Loe, 


for extra examplgsint Check YW Find thesc{ntefgept of theSgraiih bE theeqtation. 

Skills Review 1 
For help with writing 4.y= an Lae wdltdram Qube Fie 6.y=x- q 
fractions in lowest terms, 

see pp. 781-783. 


Look Back Here are references to 
material in earlier lessons that may 
help you understand the lesson. 


In oe 12, find the_x- intercept and the y-intercept of the graph of 
the equatibf. Graph the equation. 


Ty=x42 — 2x =3 9.2x-y=4 

) 5 sitplily. y 

10. 3y = —6x + 3 11. Sy = 5x + 15 12.x-y=1 

13. FUNDRAISING If = eee for th8 ccapen urea, 47 


Extra Practice Your book contains . 
more exercises to practice the skills ™., 
you are learning. 


Homework Help Here you can find 
suggestions about which Examples . 


s * hewueseweees UsING GRAPHS TO FIND INTERCEPTS Use the graph to find the x-intercept 
m ay h el p yo U solve Exe rc i ses. y Extn Practica and the y-intercept of the line. 


to help you master 
skills is on p. 800. 


NER 
is On the Internet 


Homework Help: Extra Examples 


FINDING X-INTERCEPTS Find the x-intercept of the graph of the equation. 


These are places where youcanfind + Gebanes eat ity y= =10 
additional examples on the Web site. 20, 3x + 4y = 12 21. 5x—y = 45 22. —x + 3y=27 
. 23. —7x — 3y = 42 24. 2x + 6y = —24 25. —12x — 20y = 60 
Homework Help: Problem Solving FINDING Y-INTERCEPTS Find the y-intercept of the graph of the equation. 
Help Here you can find additional 26.y = 2 +5 27.y=3x—4 28. y = 8x +27 
suggestions for solving an exercise. ae eae. ANS 
. 32. 3x + 12y = —84 33. —x + L.7y =5.1 34. 2x — 6by = —18 
Keystroke Help These provide the 4 _ as USING INTERCEPTS Graph the line that has the given intercepts. 
exact keystroke sequences for ma ny Example 1: Exs. 17-34 35. x-intercept: —2 36. x-intercept: 4 37. x-intercept: 
é . Example 2: Exs. 35-55 y-intercept: 5 y-intercept: 6 y-intercept: 
different kinds of calculators. Example 3: Exs. 44-85 


Example 4: Exs. 60-63 38. x-intercept: —3 39. x-intercept: —12 40. x-intercept: 
y-intercept: —7 y-intercept: —8 y-intercept: 15 


4.3 Quick Graphs Using Intercepts 


APPLICATION: Scuba Diving 
n the swrace of Earth only the 


atmosphere is pressing on you. 
When you dive under the water, the 
weight of the water also presses on 
you. The volume of air in your lungs 
gets squeezed by these forces. 


To design equipment for a dive, 
people need to know what the vari- 
ables are, such as the depth of a 
dive and the dive time. You'll learn 
to write mathematical models for 
such real-life problems in Chapter 1. 


The table shows that for every 10 feet a diver 
descends, the weight of the water on the diver 
increases by about 4.45 pounds per square inch. 


Depth Additional Pressure 
(feet) (pounds per square inch) 


1. You are diving at a depth of 40 feet. What is the 
pressure of the water on you? 


2. Use the pattern in the table to predict the 
pressure of the water on a diver at 100 feet. 


You will learn more about diving and water 
pressure in Example 3 on page 48. 


i) Visit www.mcdougallittell.com 
for more information about scuba diving. 
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bs Study Tip 


“Student Help” boxes 
throughout the chapter 
give you study tips and 
| tell you where to look for 
extra help in this book 
and on the Internet. 


STUDY 
STRATEGY 


Chapter 1 


Stud 


What’s the chapter about? 


Chapter | is an introduction to algebra. In Chapter 1 you'll learn to 


* write and evaluate expressions. 

¢ check solutions to equations and inequalities and use mental math. 
* use verbal and algebraic models to represent real-life situations. 

* organize data and represent functions. 


KEY VOCABULARY 


> New * exponent, p. 9 ¢ inequality, p. 26 
* variable expression, p. 3 * base of a power, p. 9 * function, p. 46 


* unit analysis, p. 5 * order of operations, p. 16 * input-output table, p. 46 
* verbal model, p. 5 * equation, p. 24 * domain, p. 47 
* power, p.9 * solution of an equation, p.24 ° range, p. 47 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Write the percent as a decimal and as a fraction or a mixed number in 
lowest terms. (Skills Review, pp. 784-785) 


1. 60% 2. 33% 3. 0.08% 4. 150% 


Complete the statement using > or <. (Skills Review, pp. 779-780) 
5. 899 2 901 6. 64.1 2 64.03 7. 2050 2? 2005 8. 0.099 ? 0.01 


Find the area and perimeter of the figure. (Skills Review, pp. 790-791) 


7 


3.5cm 


Here’s a study § 
strategy! < Keeping a Math Notebook 


* Keep a notebook of math hotes about each chapter. 
Separate from your homework exercises. This mi 
help you remember new concepts and skills. 

* Review your notes each da 
next homework assignment. 


Y before you start your 


What you should learn 
Evaluate a variable 


expression. 


cy Write a variable 


expression that models a 
real-life situation, as in the 
hiking problem in Example 5. 


Why you should learn it 


W To express real-life 
number relationships, such 
as pitching speed in 


Exs. 48 and 49. 
Jes 


Variables in Algebra 


PGOAL 1) EVALUATING VARIABLE EXPRESSIONS 


A variable is a letter that is used to represent one or more numbers. The 
numbers are the values of the variable. A variable expression is a collection 
of numbers, variables, and operations. Here are some examples. 


VARIABLE EXPRESSION MEANING OPERATION 
8y Bey 8(y) 8 times y Multiplication 
* 16+b 16 divided by b Division 
4+s 4 plus s Addition 
=x 9 minus x Subtraction 


The expression 8y is usually not written as 8 X y because of possible confusion 
with the variable x. Replacing each variable in an expression by a number is 
called evaluating the expression. The resulting number is the value of the 
expression. 


Write the variable —_ Substitute values a Simplify the 
expression. for variables. numerical expression. 


GEV Evaluating a Variable Expression 


Evaluate the expression when y = 2. 


a. 8y b. 1 cy+3 d. 14-—y 
SOLUTION 
a. 8y = 8(2) Substitute 2 for y. 
= 16 Simplify. 
b. “ = os Substitute 2 for y. 
=5 Simplify. 
cyt3=2+3 Substitute 2 for y. 
=5 Simplify. 


d.14—-—y= 14-2 Substitute 2 for y. 
= 12 Simplify. 


1.1. Variables in Algebra 


5 Gai Evaluating a Real-Life Expression 
Travel 


Average speed is given by the following formula. 


— Distance _ d 
Average speed = Time : 
Find the average speed (in miles per hour) of a car that traveled 180 miles from 


Boise, Idaho, to the Minidoka National Wildlife Refuge in 3 hours. 


SOLUTION 
Average speed = u Write expression. 
= a Substitute 180 for d and 3 for t 
= 60 Simplify. 


> The average speed was 60 miles per hour. 


T EXAMPLE 3 | Evaluating a Geometric Expression 


GEOMETRY CONNECTION The perimeter of a 
triangle is equal to the sum of the lengths of its 
sides:a+b+c. 


Find the perimeter of the triangle. 
The dimensions are in feet. 
SOLUTION 
Perimeter =a +b+c Write expression. 
=8+15+17 Substitute values. 
= 40 Simplify. 


> The triangle has a perimeter of 40 feet. 


ay P EXAMPLE 4) Evaluating Simple Interest 
ferest 


The simple interest earned by money P (called the principal) at an annual interest 
rate r for t years is given by Prt. You deposit $650 at a rate of 8% per year. How 
much simple interest will you earn after one half of a year? 


SOLUTION 
Simple interest = Prt Write expression. 
| ; Skills Review = (650)(0.08)(0.5) Substitute 650 for P 0.08 for r, and 0.5 for t. 
For help with _ aT 
writing percents = 26 Simplify. 
as decimals, see 
pp. 784-785. > After one half of a year, you will have $26 of simple interest. 


Chapter 1 Connections to Algebra 


FOCUS ON 
APPLICATIONS 


ay COASTAL 


~ REDWOODS, 
found in California and 
Oregon, are the tallest trees 
on Earth. Only 4% of original 
redwood forests remains. 
The tallest living redwood is 
370 feet high. 


PGOAL 2) MODELING A REAL-LIFE SITUATION 


Writing the units of each variable in a real-life problem helps you determine the 
units for the answer. This is called unit analysis and it is often used in problem 
solving in science. When the same units of measure occur in the numerator and 
the denominator of an expression, you can cancel the units. 


In real-life problems, you may need to translate words into mathematics. One 
way to do this is to use the verbal model shown in Example 5. 


TEXAMPLE 5] Finding Time 


HIKING AMONG REDWOODs You plan to go hiking in the Jedediah Smith 
Redwoods State Park in California. You estimate you'll hike at a rate of 2 miles 
per hour on a steep trail. How long will it take you to hike from Howland Hill 
Road along the Boy Scout Tree Trail and back? 


JEDEDIAH SMITH Hiouchi 
REDWOODS Information 
STATE PARK Center 


Round Trip Distances 
Boy Scout Tree Trail 7.4 miles 
Little Bald Hills Trail 9miles ———————— Paved Road 


> Source: Redwood National and State Parks 


SOLUTION 


The map shows that the round-trip distance is about 7.4 miles. 


VERBAL c _ Distance 
MobDEL Time = Rate 
LABELS Time = t¢ (hours) 
Distance = 7.4 (miles) 
Rate = 2 (miles per hour) 
| _ 7.4 : ; 
ALGEBRAIC a Write algebraic model. 
MOoDEL 
= 3.7 Simplify. 


> It should take you about 3.7 hours to hike the Boy Scout Tree Trail. 
UNIT ANALYSIS Use unit analysis to check that hours are the units of the solution. 


Distance __ mi _.-, h _ 
Rate mi/h aid Jar 7 


Time = 


1.1. Variables in Algebra 


GUIDED PRACTICE 


Vocabulary Check / 1. Explain what it means to evaluate a variable expression. 
Concept Check J 2. What operation is indicated by the expression? 
a. 4y b. 2 1 +8 d.3—1 
3. Write a variable expression for “5 divided by r.” 
4. How is unit analysis helpful in solving real-life problems? 


Skill Check / Evaluate the expression when y = 6. 


5. Sy 5 Ly+19 By =2 

9.y+3 10.27 —y 11. 2.5y 12.3.2+y 
Simplify the real-life expression and show unit analysis. 
13. time = et 14. perimeter = 3cm + 4cm+5cm 
15. distance = (60 mi/h)(2.3 h) 16. simple interest = (S100(223)2.5 years) 


% HIKING In Exercises 17 and 18, you want to hike a round-trip distance 
of 10 miles from the Hiouchi Information Center along the Little Bald Hills 
Trail and back. Calculate how long it will take if you hike at a rate of 

1.25 miles per hour. 


17. Write a verbal model, provide labels, and write an algebraic model. 


18. Show unit analysis. 


PRACTICE anp APPLICATIONS 


EVALUATING EXPRESSIONS Evaluate the expression for the given value of 
F the variable. 
Extra Practice 
to help you master 19. 12x when x = 5 20. b — 7 when b = 24 21. 0.5d when d = 0.5 


skills is on p. 797. 
22. 9 + p when p = 11 23. r(10) when r = 8.2 24. 3.67a when a = 2 


25. © when x = 3 26. 5 +xwhenx = 27. © when d = 60 
18 7 5 255 1 si 
28. ; when t = 3 29. 2 p when p = 76 30. 5 + t when r 5) 
_ ae 31. “) INTEREST EARNED You invest $80 at a simple annual interest rate of 
5 ; 
aman ren ae How ses sins interest would you earn in 1.5 years? Use unit 
Example 1: Exs. 19-30 analysis to check the units in your response. 
Example 2: Exs. 35-38 32. CONNECTION The perimeter of a square 
Sh ped ia is equal to 4s, where s is the length of one side. Tf 


Example 4: Exs. 31, 33, 34 
Example 5: Ex. 39 Find the perimeter of the square at the right. 


Show unit analysis. 


Chapter 1 Connections to Algebra 


ERROR ANALYSIS In Exercises 33 and 34, Samantha deposits $300 in an 
account that earns an annual interest rate of 2.5%. After 9 months, she 
computes the simple interest. 


33. What mistake did Samantha make? (#300) : = $562.50 


34. What is the correct amount of 
simple interest earned after 9 months? 


_ ee ® CALCULATING AVERAGE SPEEDS In Exercises 35-38, find the average 
es HOMEWORK HELP speed for the given distance and time. Show unit analysis to check units. 
Visit our Web site 35. A train travels 75 miles in 55 minutes. 


www.mcdougallittell.com 
for help with Exs. 35-39. 36. In 5 seconds, an athlete runs 40 feet. 


37. A horse gallops 4 kilometers in 30 minutes. 


38. Dick Rutan and Jeana Yeager flew nonstop around the world, a distance of 
24,986.73 miles, in 216.06 hours. > Source: National Air and Space Museum 


39. % DRIVING TIME If you are driving at a constant speed of 96 kilometers 
per hour, how long will it take you to travel 288 kilometers? 


® CALORIES BURNED In Exercises 40-42, use the following information. 
The number of calories burned while doing an activity can be expressed by 
rm, where ris the rate of calories burned and mis the number of minutes 
spent doing the activity. 

> Source: Home & Garden Bulletin No. 72, U.S. Government Printing Office 


40. A 120-pound student playing volleyball burns 2.7 calories per minute. If the 
student plays for 30 minutes, how many calories does the student burn? 


FOCUS ON 
PEOPLE 


41. An in-line skater, who is the same weight as the student in Exercise 40, 
burns 387 calories in 90 minutes. How many calories does the in-line skater 
burn per minute? 


42. Which activity burns more calories per minute, volleyball or in-line skating? 


43. % MOUNTAIN CLIMBING Heidi Zimmer plans to climb the highest peak in 
each continent. She has already climbed summits in North America, Europe, 
Africa, and South America. Copy and complete the table. Convert h, the 
height in meters, to the height in feet by dividing each given value of h by 
0.3048. The last column shows how much shorter each mountain is than Mt. 
Everest, which is 29,029 feet high. 


Mountain, Continent 


Mt. McKinley, North America 
Mt. Elbrus, Europe 
Mt. Kilimanjaro, Africa 


ic HEIDI ZIMMER is 
ag 


the first deaf woman 
to climb Mt. McKinley. It took 
her 18 days to reach the top 
of Mt. McKinley. 


NED 
=) APPLICATION LINK 
www.mcdougallittell.com > Source: Peakware™ World Mountain Encyclopedia 


Mt. Aconcagua, South America 


1.1. Variables in Algebra 


Test €3) 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


44. % BATTING AVERAGE A baseball player’s batting average is found by 
dividing the number of hits h by the official times at bat b. During the 1998 
baseball season, Alex Rodriguez of the Seattle Mariners had 686 official 
times at bat and made 213 hits. Use a verbal model to find his batting 
average. Round your answer to the nearest thousandth. 


45. IMIULTIPLE CHOICE You drove 200 miles in 3 hours 20 minutes. Which 
expression represents your average speed if d represents distance and f¢ 
represents time? 


@ at Qt QF Dati 


46. MULTIPLE CHOICE You invest $300 at a simple annual interest rate of 4.5%. 
How much simple interest will you earn in 10 years? 


@ $115 $120 & $135 @® $150 


47. NIULTIPLE CHOICE A rectangular computer screen measures 28 centimeters 
by 21 centimeters. What is the perimeter of the screen? 


@ 49 cm 98 cm Cc 294 cm @) 588 cm 


® PITCHING SPEED In baseball the pitcher’s mound is 60.5 feet from 
home plate. The strike zone, or distance across the plate, is 17 inches. 
The time it takes for a baseball to reach home plate can be determined 
by dividing the distance the ball travels by the speed at which the pitcher 
throws the baseball. 


48. If a pitcher throws a baseball at 90 miles per hour, how many seconds does it 
take for the baseball to reach home plate? 


49. For Exercise 48, how long is the ball in the strike zone? 


SCPC PORE ETE SEES ESSE SESE SET ETI ESSE SESS SESE ESTES ES EESS EES ESEEEESESESESE TEESE SEE EES EEEEEEEEEEEEES 


FRACTIONS Perform the indicated operation. Simplify your answer, if 
possible. (Skills Review, pp. 781-783) 


a) 21 Jill i 8 
60.15 +4 51.3 — 76 52. 55° 53.2573 

2, ee a1 oF gk 
54. 33°3 55.2749 56. 45 — = 57. 855 + 1s 


CONNECTION Find the area of the rectangle. (Skills Review, p. 791) 
58. 59. 60. C....._ | . 
8cm 
7in. 


EXPRESSIONS Evaluate the expression when x = 2. (Review 1.1 for Lesson 1.2) 
61. 2x 62. (x)(x) 63. 3x 64. (x)(x)(x) 
65. 4x 66. (x)(x)(x)(x) 67. 5x 68. (x)(x)(x)(x)(x) 


Chapter 1 Connections to Algebra 


Exponents and Powers 


hould PGOAL 1) EXPRESSIONS CONTAINING EXPONENTS 
What.you s ould learn 


Evaluate expres- An expression like 4° is called a power. The exponent 6 represents the 
SHOTS CONEMLTG ELUIDUE NS number of times the base 4 is used as a factor. 
Use exponents in ee 
real-life problems such as “x 
finding the volume of an ee er eer cre 
aquarium in Example 6. _ 
Whyyou Wouls leatwit power _ 6 factors of 4 


Wio solve real-life ; . 
problems, such asfindingthe  @Q0Wa"ak— Reading and Writing Powers 


volume of a glass cube in 


Ex. 64. Bi Lin, Express the meaning of the power in words and then with numbers or variables. 
SOLUTION 
EXPONENTIAL WORDS MEANING 
FORM 
a. 10! ten to the first power 10 
b. 4° four to the second power, 4-4 
or four squared 
e. 5° five to the third power, 505.5, 
or five cubed 
d. 7° seven to the sixth power Pelee Tey ed 
e. x” x to the nth power KR KMS co X 


ecba) orereneriene: © Nad soon 


For a number raised to the first power, you usually do not write the exponent 1. 
For instance, you write 5! simply as 5. 


GIVE) Evaluating Powers 


Evaluate the expression x? when x = 5. 


SOLUTION 
eae Substitute 5 for x. 
=5°5+*5 Write factors. 
= 125 Multiply. 


> The value of the expression is 125. 


1.2 Exponents and Powers 


GROUPING SYMBOLS For problems that have more than one operation, it is 
important to know which operation to do first. Grouping symbols, such as 
parentheses () or brackets [ ], indicate the order in which the operations should 
be performed. Operations within the innermost set of grouping symbols are done 
first. For instance, the value of the expression (3 * 4) + 7 is not the same as the 
value of the expression 3 + (4 + 7). 


Multiply. Then add. Add. Then multiply. 
(3°4)+7=12+7=19 3°(44+ 7) =3-11 =33 


T EXAMPLE 3 | Evaluating an Exponential Expression 


_ Evaluate the expression when a = | and b = 2. 
geet HOMEWORK HELP a. (a + bY? b. (a2) + (b) 


4 Visit our Web site 
www.mcdougallittell.com SOLUTION 
for extra examples. 


a. (a + b)? = (1 + 2)? Substitute 1 for a and 2 for b. 
=37 Add within parentheses. 
= 3:3 Write factors. 
-_ Multiply. 


b. (a?) i (b?) = (17) 2 (27) Substitute 1 for a and 2 for b. 
=1+4 Evaluate power. 


a Add. 


An exponent applies only to the number, variable, or expression immediately to 
its left. In the expression Je, the base is x, not 2x. In the expression (2x), the 
base is 2x, as indicated by the parentheses. 


GEV) Exponents and Grouping Symbols 


Evaluate the expression when x = 4. 


a. 2x° b. (2x)? 
SOLUTION 
a. 2s = 2(4°) Substitute 4 for x. 
= 2(64) Evaluate power. 
= 128 Multiply. 


b. (2x)? = (2° 4)? Substitute 4 for x. 
=e Multiply within parentheses. 


= 512 Evaluate power. 


Chapter 1 Connections to Algebra 


PGOAL 2) REAL-LIFE APPLICATIONS OF EXPONENTS 


Exponents often are used in the formulas for area and volume. In fact, the words 
squared and cubed come from the formula for the area of a square, A = s”, and 
the formula for the volume of a cube, V = s, 


s 
s 
s 
s s 


Area of Square: A = s” Volume of Cube: V= s? 


Units of area, such as square feet, ft”, can be written using a second power. Units 
of volume, such as cubic centimeters, cm, can be written using a third power. 


GIT Making a Table 


You can find the volume of cubes that have edge lengths of 1 inch, 2 inches, 


3 inches, 4 inches, and 5 inches by using the formula V = s°. 


jews | 1 | 2 | 3 | 4 | os | 


13 oe 33 4B 53 
1 in? 8 in? 27 in? 64in? | 125 in? 


By Le. GIVTED finding Volume 
arium ‘The aquarium has the shape of a cube. 
Each edge is 2.5 feet long. 


a. Find the volume in cubic feet. 


b. How many gallons of water will the cubic 
aquarium hold? Convert to liquid volume, 
where one cubic foot holds 7.48 gallons. 


SOLUTION 
a. V= s? Write formula for volume. 
= 25° Substitute 2.5 for s. 


= 15.625 Evaluate power. 


| > The volume of the aquarium is 15.625 ft’. 
KEYSTROKE HELP 


Your calculator may 


havea key ora b. V = 15.625 ft (7.48 gal/1 ft?) Write conversion factor. 
HB key that you can = 116.875 gal Multiply. 


use to evaluate powers. 
> A 15.625 cubic foot aquarium will hold 116.875 gallons of water. 


1.2 Exponents and Powers 


GUIDED PRACTICE 


Vocabulary Check J 1. In the expression 15%, what is 15 called? What is 3 called? What is the 
expression called? 


Concept Check J 2. The expressions 3x” and (3x)? do not have the same meaning. Explain 
the difference. 


3. Evaluate the expressions 3x7 and (3x)? when x = 4. 


Skill Check / Match the power with the words that describe it. 


A. five to the sixth power B. two to the fifth power 
C. five squared D. five cubed 
4. 5° 5. 5° 6. 2° eos 


Evaluate the expression when x = 3. 
8. x? 9. (x + 1)° 10. 2x” 11. (2x) 
12. (x — 1)4 13.5" 14. (3x)4 15. 10* 


16. % STEREO SPEAKERS A cubical stereo speaker measures 35 centimeters 
along each edge. The expression for finding the surface area of a cube is 6s’, 
where s is the length of each edge. Find the surface area of the stereo speaker. 


PRACTICE anp APPLICATIONS 


Ameren EXPONENTIAL FORM Write the expression in exponential form. 
Extra Practice 17. two cubed 18. p squared 19. nine to the yth power 
to help you master : 
skills is on p. 797. 20. btothe eighth power 21.3°3°3*3+y 22. t°t 
23, CP CP CPC C8C 24. 5° x9 xX XOX 25. 4x * 4x ° 4x 


EVALUATING POWERS Evaluate the power. 


26. 107 27. 5° 28. 8° 
29. 6" 30. 10° 317" 
32. 4° 33. 9% 34, 2° 
EVALUATING EXPRESSIONS Evaluate the expression for the given value of 
the variable. 
35. 4” when n = 5 36. b* when b = 9 37. x° when x = 10 
_ ae 38. c° when c = 2 39. w> when w = 13 40. p? when p = 2.5 
HOMEWORK HELP 
Example 1: Exs. 17-25 EXPONENTIAL EXPRESSIONS Evaluate the expression for the given values 
Example 2: Exs. 26-40 of the variables. 
Example 3: Exs. 41-46 
panel 4: Exs. 55-60 41. (x + y)* when x = 5 and y = 3 42. m — n* when m = 25 andn = 4 
Example 5: Ex. 61 43. (a — b)* when a = 4 and b = 2 44. c°+ dwhenc = 4 andd = 16 
Example 6: Exs. 63-66 
45. (d — 3)? whend = 13 46. 16 + x° when x = 2 


Chapter 1 Connections to Algebra 


FOCUS ON 
APPLICATIONS 


SCULPTURE Artist 
Jon Kuhn used lead crystal 
and colored glass powders 
to make the Crystal Victory. 


KGANED 
427? APPLICATION LINK 
www.mcdougallittell.com 


EVALUATING POWERS Use a calculator to evaluate the power. For 
keystroke help see Student Help box on page 11. 


47.9 4g. 2!° 49. 5° 50. 3!! 
51. 8° 52. 127 53. 6° 54. 13> 


EXPONENTIAL EXPRESSIONS Evaluate the expression for the given value 
of the variable. 


55. (Sw)° when w = 5 56. 67 when t = 3 57. 7b when b = 7 
58. 2x7 when x = 15 59. (8x)° when x = 2 60. 5y> when y = 2 


61. USING A TABLE The area of a square is s. Show the relationship between 
the side length of a square and its area by copying and completing the 
following table. 


Side length, s 


Area, s? 


62. CRITICAL THINKING Copy and complete the table. What pattern do you see? 


Power 10? 100° | 10007 | 10,0007 
Evaluate 100 a 2 ? 
63. ‘4 INTERIOR DESIGN One room in Jean’s apartment is a square measuring 


12.2 feet along the base of each wall. How many square feet of wall-to-wall 
carpet does Jean need to carpet the room? 


64. CONNECTION In 1997 the artist Jon Kuhn of North Carolina created a 
cubic sculpture called Crystal Victory, shown at the left. Each edge of the 
solid glass cube is 9.5 inches in length. How much liquid glass did Kuhn 
need to make the cube? 


65. 4 VOLUME OF A SAFE Each dimension of the cubical storage space 
inside a fireproof safe is 12 inches. What is the volume of the storage space? 


66. % SWIMMING POOL A swimming pool is 50 meters long, 19.5 meters 
wide, and 3 meters deep. Use the formula for the volume of a rectangular 
prism to find the volume of water in the pool. The formula is the length times 
the width times the height. 


67. & RAIN FOREST PYRAMID 
The ee for the volume of a 


pyramid is $ times the height 


times the area of the base. 

The Rain Forest Pyramid in Moody 
Gardens near Galveston, Texas, 

is 100 feet high and 200 feet 

along each side of its square base. 
What is the volume of space 

inside the Rain Forest Pyramid? 

> Source: Morris Architects 


1.2 Exponents and Powers 


Spr 
Test és) 68. IIULTI-STEP PROBLEM You are making candles to sell at your school’s art 
Preparation festival. You melt paraffin wax in a cubic container. Each edge of the 
container is 6 inches in length. The container is one half full. 


a. What is the volume of the wax in the container? 
b. Which of the candle molds could hold all of the melted wax? 
= i . @ :,. © py 
In. 
3 in. 


4.5 in. 


3 in. 


: 4.5 in. 
5 in. 45 in. 


5 in. 


Cc. Whiting Design a cubic candle mold different from those given that will 
hold all of the melted wax. Draw a diagram of the mold. Explain why your 
mold will hold all of the melted wax. 


% Challenge = Finpinc a PatTeERN Copy the table. 


[Power | 9! | 9 | 9 | 9 | 9° | 9° | 97 | 98 | 


feminote | 7 | ot ete tetetete 


69. Evaluate the powers of 9 in the table. What pattern do you see for the last 
digit of each product? 


70. Make a table like the one shown for powers of 8. Describe any patterns. 
www.mcdougallittell.com 71. Make a table for powers of 7. Describe any patterns. 


MIxeD REVIEW 


COOP CSE E ESET E SHEET ESTEE EEE EEE ESSE EEE TESS EEEEEEEEEEEEE SEES EEE EEEEEEEEEEEEEE EEE EEEES EE EEEEEEEEEEESESEEESESESESESEEEEESEEESSE 


CONNECTION Find the perimeter of the figure when x = 1.7. 
(Skills Review, pp. 790-791) 


72. x 74. x 


2x 2x 


x 


FRACTIONS, DECIMALS, AND PERCENTS Write the fraction as a decimal 
and as a percent. (Skills Review, pp. 784-785) 


5 3 11 4 
75. 8 76. a 77. 55 78. 35 


EVALUATING VARIABLE EXPRESSIONS Evaluate the expression for the 
given value of the variable. (Review 1.1 for 1.3) 


79. 7x when x = 3 80. y + 2 when y = 10 81. 5 when a = 8 


m= Soheaw= 17 83. 7 when b = 4 84. 9b when b = 4 


Chapter 1 Connections to Algebra 


© ACTIVITY 1.2 


Using Technology 


NE; 
bh is KEYSTROKE 


% HELP 
See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 1.2 


Making a Table 


Using a graphing calculator to create a table can make it easier to evaluate 
an expression for many different values of the variable. 


> EXAMPLE 


You are offered a two penny salary that doubles every week. How much is your 
salary in the 20th week? Use a graphing calculator to make the table. 


Week, x 


Salary, 2” 


> SOLUTION 


@ Press and enter the 


expression 2” as Y. (2) Use the Table Setup function 


to choose values beginning at 6 
and increasing by 2. 


maesce SETUP 
TblStart=6 
ATbL=2 

Indpnt: Ask 

Depend: Ask 


(3) View your table. Scroll down 
to read the twentieth week in 4.) The value for the twentieth 
the table. week is 1.05 E6. This means 
1.05 X 10° or 1,050,000. 


<BR = o = ol 
<BR - = = = ol =< 


> EXERCISES 


EVALUATING EXPRESSIONS Use the table feature on a graphing calculator 
to evaluate the exponential expression for the given values of x. 


1 2* tor x = 25,50; 75; 100 223° tors — 95 7 Only ts 
3. 4° for x = 2,3, 4,5, 6 4. 5‘ for x = 4, 8, 12, 16 
5. 6° for x = 2, 4, 6, 8, 10 6. 10° for x = 4, 7, 10, 13, 16 


1.2 Technology Activity 


Order of Operations 


What GQ usine tHe ORDER oF OPERATIONS 


GOAL 
operations to evaluate 
algebraic expressions. 


Mathematicians have established an order of operations to evaluate an 
expression involving more than one operation. Start with operations within 
grouping symbols. Then evaluate powers. Then do multiplications and divisions 
Use a calculator from left to right. Finally, do additions and subtractions from left to right. 

to evaluate real-life 

expressions, such as 


calculating sales tax in TEXAMPLE 1} : , . 
Eeanmlels! Evaluating Without Grouping Symbols 


Why you should learnit Evaluate the expression when x = 4. 


V To solve real-life a. 3x7 +1 b. 32 +x?-1 
problems, such as 
calculating the cost of SOLUTION 
admission for a family to 2 a. . 
Leas a.3x°+1=3°4°4+1 Substitute 4 for x. 
Exs. 50 and 51. L& =3°16+1 Evaluate power. 

cE 


= 48+ 1 Evaluate product. 


i J 2 
‘. = 49 Evaluate sum. 


b.32+x7-1=32+4-1 Substitute 4 for x. 
= 32+ 16-1 Evaluate power. 
=2-1 Evaluate quotient. 


= Evaluate difference. 


When you want to change the established order of operations for an expression, 
you must use parentheses or other grouping symbols. 


m © ACTIVITY 


Developin area : 
Coens Investigating Grouping Symbols 


Without grouping symbols, the expression 3 + 4* + 8 + 4 has a value of 50. 
You can insert grouping symbols to produce a different value. For example: 


3°(47+8)+4=3-(16+8)+4=3°24+4=72+4= 18 


Insert grouping symbols in the expression 3 + 47 + 8 + 4 to produce 
the indicated values. 


1. 146 2. 54 3. 38 


Chapter 1 Connections to Algebra 


Ih Study Tip 


In part (c) of Example 2, 
you do not perform the 
operations from left to 
right because division 
has a higher priority than 
addition and subtraction. 


eee HOMEWORK HELP 

c Visit our Web site 
www.mecdougallittell.com 
for extra examples. 


Skills Review 

For help with writing 
fractions in lowest terms, 
see pp. 781-783. 


THE LEFT-TO-RIGHT RULE Operations that have the same priority, such as 
multiplication and division or addition and subtraction, are performed using 
the left-to-right rule, as shown in Example 2. 


GV Using the Left-to-Right Rule 


a. 24 — 8 — 6 = (24 — 8) —6 Work from left to right. 
= 16-6 
= 10 


b. 15°2+6=(15°2)+6 Work from left to right. 
= 30+ 6 
=5 
co. 164+4+2-3=16+4 (4+ 2)-3 Divide first. 
=161+2-3 
= (16 + 2) —3 Work from left to right. 
=18-3 
= 15 


ORDER OF OPERATIONS 


1. First do operations that occur within grouping symbols. 
2. Then evaluate powers. 
3. Then do multiplications and divisions from left to right. 


4. Finally, do additions and subtractions from left to right. 


A fraction bar can act as a grouping symbol: (1 + 2) + (4— 1) = a4 


T EXAMPLE 3 | Using a Fraction Bar 


7°4 _ 7°4 
gap, 8+49-1 Evaluate power. 

= Simplify th t 
8449-1 implify the numerator. 

_ 28 ; 

ae ae | Work from left to right. 

= 28 

mT. Subtract. 

= a 

= Simplify. 


1.3. Order of Operations 


PGOAL 2) EVALUATING EXPRESSIONS WITH A CALCULATOR 


Many calculators use the established order of operations, but some do not. See if 
your calculator follows the established order of operations in Example 4. If your 
calculator does not follow the order of operations, you must enter the operations 
in the correct order. 


GHEE) Using a Calculator 


©) When you enter the following in your calculator, does the calculator display 


== 6.1 or 0.6? 
10.5 Sg 6.3 Ee 2.1 ey 14 
SOLUTION 


a. If your calculator uses order of operations, it will display 6.1. 
105 = 6.3: 21 —14= 105 —(6.3 +21) —14 
=105-3-1.4 
= 6.1 


b. If it displays 0.6, it performs the operations as they are entered. 
[(10.5 — 6.3) + 2.1] — 1.4 = (4.2 + 2.1) — 14 
=2-14 
= 0.6 


Bi Lie GND Calculating Sales Tax 
i» 2 


() Suppose you live in a state that charges no sales tax on essentials, such as 

© clothes or food, but charges 6% sales tax on nonessentials, such as CDs or 
games. You decide to buy a sweatshirt for $24 and a video game for $39. Your 
calculator follows the established order of operations. Which of the following 

keystroke sequences will show the correct amount you owe? Explain why. 


a. 24 (Ey 39 ay 3° Ee 0.00 
b. 39 ay 24 ey 24 wy 0.00 Se 
c. 39 Es 24 Es A 24 3° ee 0.00 Ee 


SOLUTION 
a. $65.34 is correct. Tax is added on the video game, but not the sweatshirt. 


b. $64.44 is wrong. Tax is added on the sweatshirt, but not the video game. 


c. $66.78 is wrong. Tax is added on both items. 


Chapter 1 Connections to Algebra 


GUIDED PRACTICE 


Vocabulary Check J 1. Describe the order of operations agreed upon by mathematicians. 


Concept Check J 2. If an expression without grouping symbols includes addition and an 
exponent, which operation should you do first? 


3. If an expression without grouping symbols includes multiplication and 
division, which operation should you do first? 


Skill Check / Evaluate the expression for the given value of the variable. 


4. x* — 3 whenx = 2 5. 5° 6y when y = 5 
6. a? + 10a when a = 3 7.78 — 2 whenx = 4 
g. 22 = 2+ 16 whenx= 11 9. 1° + 23 — 10 whenn = 8 
10. (x + 5) + 4 when x = 9 11. b + 6 + 4 when b = 1.5 


12. ERROR ANALYSIS Julio’s calculator displayed 7 when he evaluated 
the following expression. Did his calculator use the established order 
of operations? If not, how can he use grouping symbols to find the 
correct value? 


72 2 4 ee 4 oe 


PRACTICE ano APPLICATIONS 


EVALUATING VARIABLE EXPRESSIONS Evaluate the expression for the 
_ given value of the variable. 
Extra Practice 3 4 
to help you master 13. 3 + 2x when x = 2 14. y i 8 when y =4 
Sais Ont 15. 6+ 2p? when p = 5 16. 1 — 10 whent = 3 
17. 13 + 3b whenb =7 18. 3r? — 17 when r = 6 
19. = + 16 when x = 14 20.27 — ++ when b = 8 
A. oF! ht me 
21. = -n+ 13 whenn = = 22. 10°» 9 When y 5) 


EVALUATING NUMERICAL EXPRESSIONS Evaluate the expression. 


_ 23.44+9-1 24.3+2+ 2 25.6=3+2°7 
HOMEWORK HELP 


Example 1: Exs. 13-22 26.5+8-2-4 27. 16 + 8+ 2? 28. 2°37 +7 

E le 2: Exs. 23-37 

Example 3. Exs. 3840, 29.10+(3+2)+9 30. 71(18 — 6) — 6] 31. [(7 — 4)? +3] + 15 
= 32. 3(2.7 = 0.9) = 5 33. 6(5 — 3)° +3 34. [10 + (52+ 2)] + 6 


Example 4: Exs. 43-46 


Example 5: Ex. 41 35. +(9 -3) + 18 36. + 26 — 32 37.2.5°0.57 +5 


1.3 Order of Operations 


EXPRESSIONS WITH FRACTION BARS Evaluate the expression. 


: = 3. 
38,272 39, _13-4 40, —> "2 
4+3°-1 18-47 +1 1+6°-8 
41. Writing You decide to buy two rings from an outdoor vendor. One ring 


costs $10.89. The other ring costs $12.48. The sales tax is 8%. The vendor 
uses a calculator to obtain the price including sales tax for both rings and gets 
$24.37. What mistake did the vendor make? 


42. LOGICAL REASONING Which is correct? Explain. 


(9-7/7 +3 
5 


A. =(9-7)7 +345 


9-7 +3 
p OOM +3 _(o- 7 +31+5 

ORDER OF OPERATIONS In Exercises 43-46, two calculators were used 

to evaluate the expression. They gave different results. Which calculator 
used the established order of operations? Rewrite the calculator steps with 
grouping symbols so that both calculators give the correct result. 


43.15 6 3 4 Calculator A: 12; Calculator B: 7 
44.15 Eo 3 7 Calculator A: 19; Calculator B: 9 
45. 15 10 few 5 4 Calculator A: 21; Calculator B: 9 
46. 4 3 6 Eg 2 Calculator A: 9; Calculator B: 15 


47. % HOTEL RATES A hotel charges $49.99 per room per night for adults and 
$44.10 per room per night for senior citizens. The expression 2 X $49.99 + 
3 X $44.10 represents the total cost of five rooms for two adults and three 
senior citizens for an overnight stay. Where in the expression can you put 
grouping symbols to make sure it is evaluated correctly? 


% FOOTBALL UNIFORMS In Exercises 48 
and 49, use the following information. 
The table shows the cost of parts of a 
professional football player’s uniform. 

A sporting goods company offers a 

$3200 discount for orders of 30 or 

more complete professional football 

player uniforms. 


48. Write an expression that represents 
the cost for an order of 35 complete 
professional football player uniforms. 


49. Evaluate the expression you wrote in 
Exercise 48. 


Jersey and Shoulder Lower Ress 
a “a pants pads body pads pads 


| $230 | s300_| sso_| s25_| si00_| 


Chapter 1 Connections to Algebra 


B Study Tip 


The expression b, + b, 
is read “bsub 1 plus 
bsub 2”. 


Test €3) 


Preparation 


* Challenge 


www.mcdougallittell.com 


® ADMISSION PRICES In Exercises 50 and 51, use the table below. It 
shows the admission prices for the California State Fair in 1998. Suppose a 
family of 2 adults, 1 senior, and 3 children go to the State Fair. The children’s 
ages are 13 years, 10 years, and 18 months. 


50. Write an expression that represents the admission price for the family. 


51. Evaluate the expression you wrote in Exercise 50. 


California State Fair Admission Prices 


Pe Abisson pice | 


General Admission (13-61 years of age) 


Seniors (62 years and above) 
Children (5-12 years) 


Children (4 years and under) 


> Source: Sacramento Bee 


52. CONNECTION The area A of a trapezoid with parallel bases of 
lengths b, and by and height his A = $h(b, + bp). by 
Find the area of a trapezoid whose 


height is 2 meters and whose bases 
are 6 meters and 10 meters. 


F 7) | 


50): CONNECTION In Exercises 53 and 54, use the following information. 
The surface area of a cylinder equals the lateral surface area (2z7r-: h) plus 


the area of the two bases (2+ zr). 
53. Write the expression for the surface area of a cylinder. 


54. Evaluate the expression when h = 10.5 centimeters and r = 2.5 centimeters. 
Use 3.14 as an approximation for 7. 


55. IMIULTI-STEP PROBLEM You are shopping for school supplies. A store is 
offering a 10% discount on binders and a 20% discount on packages of paper. 
You want to buy 5 binders originally marked $2.50 each and 10 packages of 
paper originally marked $1.30 each. 


a. Write an expression that shows how much you will save after the discounts. 
b. Evaluate the expression. 


c. Writing If you have $25 to spend on supplies, how much money 
will you have left over? Explain how you arrived at your answer. 


56. CRITICALTHINKING Without grouping symbols, the expression 2 + 3° + 4 
has a value of 58. Insert grouping symbols in the expression 2 + 3° + 4 to 
produce the indicated values. 


a. 62 b. 220 c. 4374 d. 279,936 


57. Create a math puzzle like the one in Exercise 56 with an expression 
that produces different values when grouping symbols are inserted in 
different places. 


1.3 Order of Operations 


MIxeD REVIEW 


é Skills Review 


For help with fractions, 
see pp. 781-783. 


COOPER OEE EEE EEE EEE EEE EEE EHEE EEE EEE EE EEEE EEE EEEEEEEEEE HEHE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


EVALUATING EXPRESSIONS Evaluate the expression for the given value of 
the variable. (Review 1.1) 


58. 8a when a = 4 59. = when x = 3 60. c + 15 whenc = 12.5 
61 S xehense Se 62. 9d when d = 0.5 63 aoa when =2 
aa 6 : “16 2 P~8 


EVALUATING EXPONENTIAL EXPRESSIONS Evaluate the expression for the 
given value of the variable. (Review 1.2) 


64. (6w)? when w = 5 65. 4(1°) when t = 3 66. 9b? when b = 8 


67. 5x* when x = 16 68. (7x)? when x = 2 69. 6y> when y = 4 


70. % INTEREST EARNED You deposit $120 in a savings account that pays 
an annual interest rate of 2.5%. How much simple interest would you earn 
in 2 years? (Review 1.1) 


71. % DRIVING TIME If you are driving at a constant speed of 68 miles per 
hour, how long will it take you to travel 170 miles? (Review 1.1) 


72. CONNECTION Find the volume 
of the cube shown at the right and find the 
area of one of its sides. (Review 1.2 for 1.4) 


4cm 


4cm 


4cm 


Self-Test for Lessons 1.1-1.3 


Evaluate the expression when x = 3. (Lesson 1.1) 


1. 6x 2, 28 3.x +29 re, 


5.x+3 6.21 —x 7. 4.5x 8.13.7 +x 


% TRAVEL Find the average speed. (Lesson 1.1) 
9. 120 miles in 3 hours 10. 90 miles in 1.5 hours 11. 360 miles in 6 hours 


Write the expression in exponential form. (Lesson 1.2) 


12. six cubed 13.4°4+4-4-4 14. Sy *5y*5y 
15. five squared 16.3°3°3°3°3°3¢r 17. 7x ° 7x 
Evaluate the expression when x = 6. (Lesson 1.2) 
18. x° 19. 2x? 20. (2x)? 21. x* — 3 
Evaluate the expression. (Lesson 1.3) 
: 5 _ 37 — 3 2117 + 2+4 
ee 24, 5) ag, 207+ 2°) 
7+(2?—1) 2(5? — 5) 67-11 


26. % PACKING BOXES A cubic packing box has dimensions of 1.2 feet on 
each side. What is the volume of the box? (Lesson 1.2) 


Chapter 1 Connections to Algebra 


© ACTIVITY 1.4 


Developing Concepts 


SET UP 
Work in a small group. 


MATERIALS 
°¢ graph paper 
* pencil 


Group Activity for use with Lesson 1.4 


Finding Patterns 


> QUESTION How can you use algebra to describe a pattern? 


> EXPLORING THE CONCEPT 


@ Copy the first four figures on graph paper. Then draw the fifth and sixth 
figures of the sequence. 


Eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee | 


(2) The table shows the mathematical pattern for the perimeters of the first four 
figures. Copy and complete the table. 


Figure | 1 2, 
Perimeter | 4 8 


Pattern 


(3) Use the pattern in the table to predict the perimeter of the 25th figure. 


4.) What is the perimeter of the nth figure? Explain your reasoning. 


> DRAWING CONCLUSIONS 


1. Copy the four figures shown below on graph paper. Then draw the fifth and 
sixth figures for the sequence. 


sae 


Figure 1 Figure 2 Figure 3 Figure 4 
2. Calculate the perimeters for all six figures. Organize your results in a table. 
3. What is the perimeter of the nth figure? Explain your reasoning. 


4. Repeat Exercises 1—3 for the sequence below. 


2 ofp aff aki 


Figure 1 Figure 2 Figure 3 Figure 4 


1.4 Concept Activity 


_ What you should learn 
Check solutions 


and solve equations using 
mental math. 


Check solutions of 


inequalities in a real-life 
problem, such as regulating 
your cat's caloric intake in 
Example 5. 


Why you should learn it 


Y To solve a real-life 
problem such as how long 
you must save money to buy 


a violin in Ex. 68. 
See 


Equations and Inequalities 


PGOAL 1) CHECKING AND SOLVING EQUATIONS 


An equation is formed when an equal sign (=) is placed between two 
expressions creating a left and right side of the equation. An equation that 
contains one or more variables is an open sentence. Here are some examples. 


4-—b=3 3x +1=7 a+3=3+a 


When the variable in a single-variable equation is replaced by a number, the 
resulting statement can be true or false. If the statement is true, the number is a 
solution of an equation. 


Substituting a number for a variable in an equation to see whether the resulting 
statement is true or false is called checking a possible solution. 


EXAMPLE 1) Substituting to Check Possible Solutions 


Check whether the numbers 2 and 3 are solutions of the equation 3x + 1 = 7. 
SOLUTION 


To check the possible solutions, substitute them into the equation. If both sides of 
the equation have the same value, then the number is a solution. 


x 3x+1=7 Result Conclusion 
2 30) +127 7=7 2 is a solution 
3 33) +127 1047 3 is not a solution 


is not equal to 


> The number 2 is a solution of 3x + 1 = 7. The number 3 is not a solution. 


GED Checking Possible Solutions 


Check whether the numbers 2, 3, and 4 are solutions of the equation 4x — 2 = 10. 


SOLUTION 
x 4x —2=10 Result Conclusion 
2 4(2) —2 210 6 # 10 2 is not a solution 
) 43) —2 2 10 10 = 10 3 is a solution 
4 4(4) -2 210 14 # 10 4 is not a solution 


> The number 3 is a solution, and 2 and 4 are not solutions of the equation. 


Chapter 1 Connections to Algebra 


Finding all the solutions of an equation is called solving the equation. Later in 
the book, you will study several ways to systematically solve equations. 


Some equations are simple enough to solve in your head with mental math. For 
instance, to solve x + 2 = 5, ask yourself the question 


“What number can be added to 2 to obtain 5?” 


If you can see that the answer is 3, then you have solved the equation! 


m © ACTIVITY 


Developi . : 
Euicenthe Using Mental Math to Solve Equations 


@ Match the equation with the question that can be used to find a solution 
of the equation. 


® Then use mental math to solve the equation. 


EQUATION MENTAL MATH QUESTION 
Up cesar 2= (9 A. 2 times what number gives 10? 
2.x-3=4 B. What number divided by 3 gives 1? 
3. 2x = 10 C. What number minus 3 gives 4? 
4. a =] D. What number cubed gives 8? 
5. = 8 E. What number plus 2 gives 6? 


Using mental math to solve equations is something that you already do in 
everyday life. You probably don’t think of it as solving equations, but the mental 
math process is the same. 


Bi Me, T EXAMPLE 3 } Using Mental Math to Solve a Real-Life Equation 
_.» 


You need to buy ingredients for nachos. In the supermarket you find that a bag of 
tortilla chips costs $2.99, beans cost $.99, cheese costs $3.99, two tomatoes cost 
$1.00, and olives cost $1.49. You have a ten-dollar bill. About how much more 
money do you need? 


SOLUTION 


You can ask the question: The total cost equals 10 plus what number of dollars? 
Let x represent any additional money you may need. Use rounding to estimate the 
total cost. 


34+14+4+4+1+15=10+x 
10.5=10+x 


> Because the total cost of the ingredients is approximately 10.5 or $10.50, you 
can see that you need about $.50 more to purchase all the ingredients. 


1.4 Equations and Inequalities 


GHD cueckine Sovutions oF INEQUALITIES 


Another type of open sentence is an inequality. An inequality is formed when 
an inequality symbol, such as <, is placed between two expressions. 


_ aD SYMBOL MEANING 
Skills Review For 


help with comparing 
numbers, see p. 779. 


< is less than 


< is less than or equal to 
> is greater than 
> is greater than or equal to 


A solution of an inequality is a number that produces a true statement when it 
is substituted for the variable in the inequality. 


GEEZ) Checking Solutions of Inequalities 


Decide whether 4 is a solution of the inequality. 


a.2x-1<8 bx+4>9 cx-321 
SOLUTION 

INEQUALITY SUBSTITUTION RESULT CONCLUSION 
a.2x-1<8 2(4)-1<8 7<8 4 is a solution. 
bx+4>9 4+439 SO 4 is not a solution. 
ox—-321 4-321 1=1 4 is a solution. 


GHTED Checking Solutions in Real Life 


SSS VETERINARIAN Your vet told you to restrict your cat’s caloric intake to no more 
than 500 calories each day. Three times a day, you give your cat a serving of food 


containing x calories. Do the following values of x meet the vet’s restriction? 


a. 170 calories b. 165 calories 
SOLUTION 
a. 3x = 500 Write original inequality. 


3(170) = 500 Substitute 170 for x. 
510 + 500 Simplify. 


J VETERINARIAN os: ; 

Ss Vetespacializeinitie > No. This is too many calories per serving. 

health care of either small b. 3x = 500 Write original inequality. 

animals, such as cats and 

dogs or large animals, such 3(165) = 500 Substitute 165 for x. 

ae sieiees or elephants. 495 = 500 Sinplity 

<o) CAREER LINK 

www.medougallittell.com > Yes. If each serving has 165 calories, you will meet your goal. 
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GUIDED PRACTICE 


Vocabulary Check / Decide whether the following is an expression, an equation, or an 
inequality. Explain your decision. 


1.3x+1=14 2. 7y — 6 3.5(y? +4) -7 
4.5x-1=3+x 5.3x +28 6. 5x > 20 

7. Identify the left side and the right side of the equation 8 + 3x = 5x — 9. 
8 


Concept Check J . ERROR ANALYSIS Jan says her work shows that 6 is not a solution of 


3x — 4 = 14. What is a likely explanation for her error? 


Tre —45 6 


Skill Check J 9. Which question could be used to find the solution of the equation 5 — x = 1? 
A. What number can 5 be subtracted from to get 1? 
B. What number can be subtracted from 5 to get 1? 


C. What number can | be subtracted from to get 5? 


®% ELECTIONS The number of votes received by the new student council 
president is represented by x. Match the sentence with the equation or 
inequality that represents it. 


A. x = 125 B. x < 125 C.x = 125 D.x <= 125 
10. She received no more than 125 votes. 11. She received at least 125 votes. 


12. She received exactly 125 votes. 13. She received less than 125 votes. 


PRACTICE anp APPLICATIONS 


CHECKING SOLUTIONS OF EQUATIONS Check whether the given number is 
. a solution of the equation. 

Extra Practice 

to help you master 14. 3b + 1 = 13;4 15.5 + x7 = 1733 16. 4c + 2= 2c + 8;2 

skills is on p. 797. 
17. 2y°+3=5;31 18. 5r — 10 = 11;5 19. 45 — 4 = 30—5;7 
20. 6d — 5 = 20;5 21.7—9 =9; 36 22. m + 4m = 60 — 2m; 10 
23.10 + 7 = 12; 14 24. p* — 5 = 20;6 25. 4h —h = 2:3 


MENTAL MIATH Write a question that could be used to solve the equation. 


a Then use mental math to solve the equation. 
HOMEWORK HELP 


Example 1: Exs. 14-25 eee s = ele teer mine 28. p — 11 = 20 
Example: Exe 26-37, 2239 = 12 30.5 =5 31. 4p = 36 
Example 4: ee 32. 4r—1= 11 33. 2r-1=9 34. m* = 144 
Example 5: Exs. 67, 68 35. x =3 36. 5q -2 =3 37. yp = 125 


1.4 Equations and Inequalities 


CHECKING SOLUTIONS OF INEQUALITIES Check whether the given number 
is a solution of the inequality. 


38. 
41. 
44. 
47. 


50. 


53. 


n-2<6;3 39.5+s5s>8:4 40.5 +5x= 10; 1 
4p —128;2 42.3r—15<0;5 43. llx=x-7;9 
6+y<8;3 45.29 —4b>5;7 46. 17+ 6 > 40; 6 
a-7=15;22 48. 6x — 16 < 20;7 49. y>—-2=<8:2 

pA Op S309 51. a(3a + 2) > 50:4 52, $2 <4;3 
2—ds 4.5 54. x2 — 10> 16:6 55. n(21 — n) < 100; 8 


d 


EQUATIONS AND INEQUALITIES Match the verbal sentence with its 
mathematical representation. 


56. 


57. 
58. 
59. 
60. 
61. 
62. 


63. 


64. 
65. 


66. 


67. 


68. 


The sum of x and 16 is less than 32. A. 1G > 32 
The product of 16 and x is equal to 32. B. x4 = 16 

The difference of x and 16 is 32. C. x + 16< 32 
The quotient of x and 16 is greater than or equal to 32. D. 16+ x= 32 
The product of 16 and x is less than 32. E. 16x > 32 
The fourth power of x is 16. F. x — 16 = 32 
The sum of 16 and x is less than or equal to 32. G. 16x = 32 
The quotient of x and 16 is greater than 32. H. ac = 32 
The product of 16 and x is greater than 32. Il. 16x < 32 


% COMPUTER CENTER Your school is building a new computer center. 
Four hundred square feet of the center will be available for computer stations. 
Each station requires 20 square feet. You want to find how many computer 
stations can be placed in the new center. You write the equation 20x = 400 to 
model the situation. What do 20, x, and 400 represent? Solve the equation. 
Check your solution. 


% PLAYING A COMPUTER GAME You are playing a new computer game. 
For every eight screens you complete, you receive a bonus. You want to know 
how many bonuses you will receive after completing 96 screens. You write 
the equation 8x = 96 to model the situation. What do 8, x, and 96 represent? 
Solve the equation. Check your solution. 


% BUYING GAS You are taking a trip by automobile with the family of a 
friend. You have $65 to help pay for gas. It costs $15 to fill the tank. Can you 
completely fill the gas tank four times? You use the inequality 15x = 65 to 
model the situation. What do 15, x, and 65 represent? 


% BUYING A VIOLIN You are budgeting money to buy a violin and bow 
that cost $250 including tax. If you save $5 per week, will you have enough 
money in a year? You write the inequality 572 = 250 to model the situation. 
What do 5, n, and 250 represent? Solve the inequality. 
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® APPLYING FORMULAS In Exercises 69-76, match the problem with the 
NES LO MEWORK HELP formula needed to solve the problem. Then use the Guess, Check, and 
= 


4 Visit our Web:sité Revise strategy or another problem-solving strategy to solve the problem. 


www.medougallittell.com Area ofarectangle A = lw Distance d= rt 

for help with problem 

solving in Exs. 69-76. Simple interest l= Prt Volume of a cube vee 
Temperature C= ag — 32) Surface area of a cube S=657 


69. What is the average speed of a runner who completes a 10,000-meter race in 
25 minutes? 


70. How long must $1000 be invested at an annual interest rate of 3% to earn 
$300 in simple interest? 


71. A car travels 60 miles per hour for a distance of 300 miles. How long did the 
trip take? 


72. Carpeting costs $20 per square yard. You carpet a room that has a width of 
15 feet for $800. What is the length of the room in feet? 


73. You measure the temperature of a substance in a chemistry lab at 32°F. What 
is the temperature in degrees Celsius? 


74. A piece of cheese cut in the shape of a cube has a volume of 27 cubic inches. 
What is the length of each edge of the piece of cheese? 


75. You want to construct a patio of 80 square feet with a length of 10 feet. What 
is the width of the patio? 


76. A cubic storage box is made with 96 square feet of wood. What is the length 
of each edge? 


F : 
PEOPLE. 77. & AircRAfFT DESIGN In the diagram, 


let x represent the length of a passenger 
jet and let y represent the jet’s wingspan. 


n.——+ 


a. What does the equation 1.212y = x 
say about the relationship between 
the length and the wingspan of the 
passenger jet? 


\— 242 ft 4 in. 


| 199 ft 11 


b. Is the passenger jet longer than it is 
wide or wider than it is long? Explain 
your reasoning. 


78. % MACH NUMBERS The Mach number of an aircraft is the ratio of its 
maximum speed to the speed of sound. Copy and complete the table. Use the 
equation v = 660m, where v is the speed (in miles per hour) of the aircraft 
and m is the Mach number, to find the speed of each aircraft. 


ay CHUCK YEAGER 


was the first person . : 
to fly faster than the speed of Airplane type X-15A-2 
sound (Mach 1) or about 660 asl Jet 
miles per hour. Mach number, m 6.7 2.2 0.9 
in APPLICATION LINK aca : 9 7 
www.mcdougallittell.com 


1.4 Equations and Inequalities 


Ody 
Test = 79. WIULTIPLE CHOICE You tune and restore pianos. As a piano tuner you 
Prep aration charge $75 per tuning. The expenses for your piano restoration business are 
$2600 per month. Which of the following inequalities could you use to find 
the number of pianos p you must tune per month in order to at least meet 
your business expenses? 


@ 75p < 2600 75p = 2600 & - >= 2600  W 75p = 2600 


80. IIULTIPLE CHOICE The width of a soccer field cannot be greater than 
100 yards. The area cannot be greater than 13,000 square yards. Which of 
the following would you use to find the possible lengths of a soccer field? 


@) 100x = 13,000 100x = 13,000 
ce) 100 + x = 13,000 CD 100x = 130,000 
81. MIULTIPLE CHOICE For which inequality is x = 238 a solution? 
@ 250 =x + 12 CB 250 <x + 12 C 250 >x + 12 


* Challenge % BUSINESS You plan to start your own greeting card business. Your 
startup cost of buying a computer and color printer is $1400. You also want to 
run an ad for $50 a week for 4 weeks. You plan to sell each card for $1.79. 
How many cards must you sell to equal or exceed your initial costs? 


82. Write an inequality that models the situation. Solve the inequality to find 
the minimum number of cards you must sell. 


83. Writing Try raising the price per card. How does the price increase 


change the number of cards you must sell to equal or exceed your initial 
www.mcdougallittell.com costs? What are some factors you need to consider in choosing a price? 


MIxeD REVIEW 


COCO OOEEE EEE E HEHE EEE EEE EEE EEE EEEEE EEE EEE EEE EEEEE EEE EEEHEEEEEHEEEEEEE EEE EEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEE SEES 


EVALUATING EXPRESSIONS Evaluate the expression for the given value of 
the variable. (Review 1.1) 


84. 1.2n when n = 4.8 85. + + xwhen x =< 
_ 4 _l 
86. b — 12 when b = 43 87. = * yy wheny =< 


EXPONENTIAL FORM Write the expression in exponential form. (Review 1.2) 


88. three cubed 89. y squared 90. 6°6°6°6°6 
91.c*c*crc 92. five to the fourth power 93. Sy*Sy*5y*5y 
94. three squared 95. 9a*9a*9a:9a*9a-9a 96. seven squared 
97. one to the third power 98. 6*x*x*xexexex 99. tetetetetet 


100. % WATER TEMPERATURE The temperature of the water in a swimming 
pool is 78° Fahrenheit. What is the temperature of the water in degrees 


Celsius? Use the formula C = 2(F — 32), where F is the Fahrenheit 


temperature and C is the Celsius temperature. (Review 1.3 for 1.5) 
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© ACTIVITY 1.5 Group Activity for use with Lesson 1.5 
Monae Exploring Problem Solving 


SETUP > QUESTION How can problem solving strategies help you find solutions 
Work with a partner. to problems? 

MATERIALS When solving a problem, you need to understand two things: what you are asked 
* paper to find and what information you need to solve the problem. Then you can use 

* pencil algebra or a problem solving strategy. 


> EXPLORING THE CONCEPT 
@ State what you are asked to find in the following problem. 


In science class you have five 100-point tests and one final 200-point test that 
counts as two tests. You need an average of at least 90 points to get an A. 
Your scores for the five 100-point tests are 88, 92, 87, 98, and 81. What is 

the lowest score you can get on the final test to get an A? 


(2) List the information you need to solve the problem. 


(Ss) Use the strategy Guess, Check, and Revise to solve the problem. 


P2 
Test Average: SSEROAEE ai ols} se tsi ae 


+ 
Sample First Guess: cause Sabo = pac ules 85 Too low 


is) ap SZ ae GY ar Els) se Si ar e' 
¢ 


68 02 87 7 98 + ele ee 
77 ——_ 


Sample Second Guess: = 91 Too high 


Your Guess: 


The lowest score you can get on the final test to get an A is _? . 


> DRAWING CONCLUSIONS 


Solve the real-life problem. Explain your strategy. 


1. A plumber charges a basic service fee plus a labor charge for each hour of 
service. A 2-hour job costs $120 and a 4-hour job costs $180. Find the 
plumber’s basic service fee. 


Iecremerenns 2. Jerry has received the following math test scores: 80, 75, 79, 86. His final 
Skills Review 


; exam is worth 200 points and counts as two tests. What is the lowest score 
For help with problem Sa 
solving strategies, see he can get to keep an average of at least 80 points? 


pp. 795-796. 3. A Native American art museum charges $8 per visit to nonmembers. 


Members pay a $40 membership fee and get in for a reduced rate of $5. 
How many times must a person visit the museum for membership to be 
less expensive than paying for each visit as a nonmember? 


1.5 Concept Activity 


A Problem Solving Plan 
Using Models 


ORR R Ree REE EERE eee EEE EEE HEHE EEE EEE EE EEE HEHEHE HEHEHE EEE HEHEHE EERE EEEEEEEE HEHEHE EE EEE EEE EEE 


PGOAL 1) TRANSLATING VERBAL PHRASES 
What. you should learn 


GOAL 1) Translate verbal To translate verbal phrases into algebra, look for words that indicate operations. 
phrases into algebraic 

AUIS MOIR: Operation Verbal Phrase Expression 

Use a verbal model Addition The sum of six and a number 

to write an algebraic 

equation or inequality to Eight more than a number 


solve a real-life problem, 


; ne A number plus five 
such as making a decision 


about an airplane's speed in A number increased by seven 

Beles, Subtraction | The difference of five and a number 
Why you should learn it Four less than a number 

V To solve real-life problems Seven minus a number 


such as finding out how many 
plates of dim sum were 

ordered for lunch in Multiplication The product of nine and a number 
Example 2. 


A number decreased by nine 


Ten times a number 


A number multiplied by three 


Division The quotient of a number and four 


Seven divided by a number 


Order is important for subtraction and division, but not for addition and 
multiplication. “Four less than a number” is written as x — 4, not 4 — x. On the 
other hand, “the sum of six and a number” can be written as 6 + x or x + 6. 


EXAMPLE 1 ] Translating Verbal Phrases into Algebra 


Translate the phrase into an algebraic expression. 
SOLUTION 
a. Three more than the quantity five times a number n 


5n +3 Think: 3 more than what? 


b. Two less than the sum of six and a number m 


(6 + m) —2 Think: 2 less than what? 


c. A number x decreased by the sum of 10 and the square of a number y 


x (10 F y?) Think: x decreased by what? 
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PGOAL 2) USING A VERBAL MODEL 


[_ In English there is a difference between a phrase and a sentence. Verbal phrases 
Study Tip translate into mathematical expressions and verbal sentences translate into 
When you translate equations or inequalities. 


verbal expressions, the 
words “the quantity” tell 
you what to group. In 
Example 1, you write 


5n + 3, not (5 + 3)n. Sentence Seven times a number is less than fifty. Inequality 7x < 50 


Phrase The sum of six and a number Expression 6+ x 
Sentence The sum of six and anumber istwelve. Equation 6+x= 12 


Sentences that translate into equations have words that tell how one quantity relates 
to another. In the first sentence, the word “is” says that one quantity is equal to 
another. In the second sentence, the words “‘is less than” indicate an inequality. 


Writing algebraic expressions, equations or inequalities that represent real-life 
situations is called modeling. The expression, equation or inequality is a 
mathematical model of the real-life situation. When you write a mathematical 
model, we suggest that you use three steps. 


WRITEA = ASSIGN WRITE AN 


VERBAL MODEL. LABELS. ALGEBRAIC MODEL. 


Bi Lin, GEV Writing an Algebraic Model 


You and three friends are having a dim sum lunch at a Chinese restaurant 

that charges $2 per plate. You order lots of plates of wontons, egg rolls, and 
dumplings. The waiter gives you a bill for $25.20, which includes tax of $1.20. 
Use mental math to solve the equation for how many plates your group ordered. 


SOLUTION 


Be sure that you understand the problem situation before you begin. For example, 
notice that the tax is added after the cost of the plates of dim sum is figured. 


VERBAL Cost per| Numberof |: 
MODEL plate |" plates — Bill] — (Tax) 
~ 
LABELS Cost per plate = 2 (dollars) 
Number of plates = p (plates) 


Amount of bill = 25.20 (dollars) 


Tax = 1.20 (dollars) 


ALGEBRAIC 2p = 25.20 — 1.20 
MODEL 
2p = 24.00 
p=12 


> Your group ordered 12 plates of food costing $24.00. 


1.5 A Problem Solving Plan Using Models 


FOCUS ON 
CAREERS 


A PROBLEM SOLVING PLAN USING MODELS 
VERBAL Ask yourself what you need to know to solve the problem. Then 
MODEL write a verbal model that will give you what you need to know. 
vases Assign labels to each part of your verbal model. 


v : ¢ 
Atcesraic Use the labels to write an algebraic model based on your 
MODEL verbal model. 


v : Pee : 
SOLVE Solve the algebraic model and answer the original question. 


Vv : 
CHECK Check that your answer is reasonable. 


ws 
ay Jer FILO Verbal and algebraic modeling can be used as part of a general problem solving 


m | Gls Senet a sone, plan that includes solving and checking to see that an answer is reasonable. 
an altitude, and a speed that 


will provide the fastest and 
safest flight. 


4° CAREERLINK GIVE Using a Verbal Model 


www.mcdougallittell.com 


JET PILOT A jet pilot is flying from Los Angeles, CA to Chicago, IL at a speed 
of 500 miles per hour. When the plane is 600 miles from Chicago, an air traffic 
controller tells the pilot that it will be 2 hours before the plane can get clearance 
to land. The pilot knows that at its present altitude the speed of the jet must be 
greater than 322 miles per hour or the jet will stall. 


a. At what speed would the jet have to fly to arrive in Chicago in 2 hours? 
b. Is it reasonable for the pilot to fly directly to Chicago at the reduced speed 


from part (a) or must the pilot take some other action? 


SOLUTION 


a. You can use the formula (rate)(time) = (distance) to write a verbal model. 


VERBAL Speed ; _ |Distance 
MODEL of jet ~ | to travel 
LABELS Speed of jet = x (miles per hour) 
Time = 2 (hours) 
| Distance to travel = 600 (miles) 
ALGEBRAIC 2x = 600 Write algebraic model. 
MODEL 
x = 300 Solve with mental math. 


> To arrive in 2 hours, the pilot would have to slow the jet down to a speed 
of 300 miles per hour. 


b. It is not reasonable for the pilot to fly at 300 miles per hour, because the jet 
will stall. The pilot should take some other action, such as circling in a 
holding pattern, to use some of the time. 
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GUIDED PRACTICE 


POOP E SEES EE HEHE EE EOEHE EEE E SEE EEEEEESOTEE ESET EEO SOES ETE E THOTT EEESEESETEE ESE OTEESEE HOTEL ESET EESEHDEOLEEESEOLOEEE SEES 


Vocabulary Check J In Exercises 1 and 2, consider the verbal phrase: the difference of 7 and a 
number n. 


1. What operation does the word difference indicate? 
2. Translate the verbal phrase into an algebraic expression. 
Concept Check of 3. Is order important in the expression in Exercise 2? 


4. Describe how to use a verbal model to solve a problem. 


Skill Check / Match the verbal phrase with its corresponding algebraic expression. 


5. Eleven decreased by the quantity four times a number x A. 4x — 11 
6. Four increased by the quantity eleven times a number x B. 4(x — 11) 
7. Four times the quantity of a number x minus eleven C. 11 — 4x 
8. Four times a number x decreased by eleven D. 11x +4 


Write the verbal sentence as an equation or an inequality. 
9. A number x increased by ten is 24. 

10. The product of seven and a number y is 42. 

11. Twenty divided by a number z is less than or equal to two. 


12. Ten more than a number x is greater than fourteen. 


PRACTICE anp APPLICATIONS 


_ TRANSLATING PHRASES Write the verbal phrase as an algebraic 
Extra Practice expression. Use x for the variable in your expression. 
to help you master 13. Nine more than a number 14. One half multiplied by a number 


skills is on p. 797. 
15. Three more than half of a number 16. A number increased by seven 


17. Quotient of a number and two tenths 18. Product of four and a number 
19. Two cubed divided by a number 20. Difference of ten and a number 
21. Five squared minus a number 22. Twenty-nine decreased by a number 


TRANSLATING VERBAL SENTENCES Write the verbal sentence as an 
equation or an inequality. 


23. Nine is greater than three times a number s. 
24. Twenty-five is the quotient of a number y and 3.5. 


_ ae 25. The product of 14 and a number x is one. 
HOMEWORK HELP 


Example 1: Exs. 13-38 26. Nine less than the product of ten and a number d is eleven. 


Example 2: Exs. 39-48 


27. Three times the quantity two less than a number x is ten. 
Example 3: Exs. 49-57 


28. Five decreased by eight is four times y. 


1.5 A Problem Solving Plan Using Models 


TRANSLATING VERBAL SENTENCES In Exercises 29-38, write the verbal 
sentence as an equation, or an inequality. 


29. Twenty-three less than the difference of thirty-eight and a number z is less 
than eight. 


30. A number ¢ increased by the sum of seven and the square of another 
number s is ten. 


31. Five less than the difference of twenty and a number x is greater than or equal 
to ten. 


32. Fourteen plus the product of twelve and a number y is less than or equal 
to fifty. 


33. Nine plus the quotient of a number b and ten is greater than or equal to 
eleven. 


34. Seventy divided by the product of seven and a number p is equal to one. 
35. A number g is equal to or greater than one hundred. 


36. A number x squared plus forty-four is equal to the number x to the fourth 
power times three. 


37. The quotient of thirty-five and a number f is less than or equal to seven. 


38. Fifty multiplied by the quantity twenty divided by a number z is greater 
than or equal to two hundred fifty. 


% ALGEBRAIC IVIODELING In Exercises 39-48, write an equation or an 
inequality to model the real-life situation. 


39. Ben’s hourly wage b at his after school job is $1.50 less than Eileen’s hourly 
wage e. 


40. The distance s to school is < mile more than the distance c to the Community 
Center swimming pool. 


41. The length c of the Colorado River is three times the length r of the 
Connecticut River, plus 229 miles. 


42. Pi (77) is the quotient of the circumference C and the diameter d of a circle. 


43. The volume V of a cube with a side length s is less than or equal to thirty 
minus three. 


44. The product of $25 and the number m of club memberships is greater than or 
equal to $500. 


45. The perimeter P of a square is equal to four times the difference of a number 
s and two. 


46. The simple interest earned on a principal of three hundred dollars at an 
annual interest rate of x percent is less than or equal to seventy-two dollars. 


47. The area A of a trapezoid is equal to one half times the sum of seven and 
nine, times a number / plus seven. 


48. The square of the length c of the hypotenuse of a right triangle is equal to 
four squared plus three squared. 
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IN, 
L, io? HOMEWORK 


( HELP 
Visit our Web site 
www.mcdougallittell.com 
for help with problem 
solving in Exs. 54-57. 


FOCUS ON 
APPLICATIONS 


J) MOUNTAIN BIKES 
More than 50% of all 

bicycles sold in the United 

States are mountain bikes. 


fe] DATA UPDATE of Bicycle 
Product Suppliers Association 
data at www.mcdougallittell.com 


% FUNDRAISING In Exercises 49-53, use the following information. 
The science club is selling magazine subscriptions at $15 each. The club wants 
to raise $315 for science equipment. 


49. Write a verbal model that relates the number of subscriptions, the cost of 
each subscription, and the amount of money the club needs to raise. 


50. Assign labels and write an algebraic model based on your verbal model. 
51. Use mental math to solve the equation. 
52. How many subscriptions does the science club need to sell to raise $315? 


53. Check to see if your answer is reasonable. 


% LAW ENFORCEMENT In Exercises 54-57, use the following information. 

Jeff lives in a state in which speeders are fined $20 for each mile per hour (mi/h) over 
the speed limit. Jeff was given a ticket for $260 for speeding on a road where the 
speed limit is 45 miles per hour. Jeff wants to know how fast he was driving. 


Fine per mi/h | || Miles per hour |_| Amount of 
over speed limit} |over speed limit) | _ ticket 


54. Assign labels to the three parts of the verbal model. 

55. Use the labels to translate the verbal model into an algebraic model. 

56. Use mental math to solve the equation. What does the solution represent? 
57. Perform unit analysis to check that the equation is set up correctly. 


58. % CLASS ELECTION You are running for class president. At 2:30 on 
election day you have 95 votes and your opponent has 120 votes. Forty-five 
more students will be voting. Let x represent the number of students (of the 
45) who vote for you. 


a. Write an inequality that shows the values of x that will allow you to win 
the election. 


b. What is the smallest value of x that is a solution of the inequality? 


% IMMIOUNTAIN BIKES In Exercises 59 and 60, use the following information. 
You are shopping for a mountain bike. A store sells two different models. The 
model that has steel wheel rims costs $220. The model with aluminum wheel 
rims costs $480. You have a summer job for 12 weeks. You save $20 per week, 
which would allow you to buy the model with the steel wheel rims. You want to 
know how much more money you would have to save each week to be able to 
buy the model with the aluminum wheel rims. 


59. Write a verbal model and an algebraic model for how much more money you 
would have to save each week. 


60. Use mental math to solve the equation. What does the solution represent? 


61. % BASKETBALL The girls’ basketball team scored 544 points in 17 games 
last year. This year the coach has set a goal for the team to score at least 5 
more points per game. If 18 games are scheduled for this year, write an 
inequality that represents the total number of points the team must equal or 
exceed to meet their season goal. 


1.5 A Problem Solving Plan Using Models 


ED? 
Test 62. MULTIPLE CHOICE Translate the phrase “a number decreased by the 


Prep aration quotient of three and four.” 
3 3 —3 3 
@r-F Was ©* oz 


63. IULTIPLE CHOICE Give the correct algebraic translation of “Howard’s hourly 
wage h is $2 greater than Marla’s hourly wage m.” 


BDh<m+2 WBh=mt+2 GOm=ht+2 WBh>m+2 


64. IULTIPLE CHOICE A jet is flying nonstop from Baltimore, Maryland, to 
Jacksonville, Florida, at a speed r of 500 miles per hour. The distance d 
between the two cities is about 680 miles. Which equation models the number 
of hours f the flight will take? 


B1= 29 wr = 680500) © 80=2 a r= 28 
* Challenge ® SCHOOL DANCE In Exercises 65 and 66, use the following information. 
You are in charge of the music for a school dance. The school’s budget allows 
only $300 for music, which is enough to hire a disc jockey for 4 hours. You 
would rather hire a live band, but the band charges $135 per hour. Your school 
does not allow students to be charged an admission fee. To raise the money for a 
live band, you obtain permission for a voluntary contribution of $1.25 per person. 


65. How much extra money do you need to raise? 
www.mcdougallittell.com 66. How many students must contribute $1.25 to cover the cost of a live band? 


MIxeD REVIEW 


COCO OOOH OEE EEE SHEE EEEHEE EEE OHHH EEE EEEHE EEE EESEEEEEEEEEE EES E EE EE ESOS EEEE SHEE EEE HOES EEEEEEEEEEEESE SEE EHEEE EEE EEEEEE EO EEEEES 


COMPARING DECIMALS Compare using <, =, or >. (Skills Review, p. 779) 


67. 0.3 2? 0.30 68. 21.1 _? 20.99 69. 6.7 _? 6.079 

70. 5.68 _?_ 5.678 71. 0.333 2 0.3333 72. 18.45 2? 18.5 

73. % EATING HABITS The table gives the number of servings per day of fruits 
APEEEE ONS and vegetables consumed by adults in California. Create a bar graph of the 


data. (Skills Review, pp. 792-794) 


Servings of Fruits and Vegetables Eaten by California Adults 


Year 1989 | 1991 | 1993 | 1995 | 1997 


38 | 39 | 3.7 | 41 | 38 


> Source: California Department of Health Services 


74. % PLANT GROWTH Kudzu is a vine native to Japan. Kudzu can grow a 
foot per day during the summer months. Write an expression that shows how 
much a 20-foot kudzu vine can grow during August. (Review 1.1) 


Je PLANT GROWTH 
Ss Kudzu was 
introduced to the United 


States in 1876. Today, kudzu EVALUATING VARIABLE EXPRESSIONS Evaluate the expression. (Review 1.3) 


covers over 7 million acres 75. 4 + 3x when x = 2 76. y + 8 when y = 32 
of the southern United 
States. 77. 5 + 2p* when p = 6 78. 4 — t when t = 7 
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Quiz 2 Self-Test for Lessons 1.4 and 1.5 


COOP O EEE E EEE EEE EH EEE EEE EEE EEE EEE EEE EEE EEE EE EEEEEEEEEEE EEE EEE EEE EE EEE EEE EEE EEE EEEEEEE EEE SHEE EE EEEEEEEEEEEEEEEEEEEEESD 


Evaluate the expression. (Lesson 1.3) 


1.12+(7-3) +2 2.32 -5°(2+1)+4 
3.x° +4 —xwhenx =6 4. y +3 +2 when y = 30 
5. —+7 when r = 30 and s = 5 6. 5x” — y when x = 4 and y = 26 


Check whether the given number is a solution of the equation or inequality. 
(Lesson 1.4) 


7.2x + 6= 18;9 8. 13 — 3x =7;2 
9.4y + 7=5 + 5y;2 10. 25 + s = 45; 6 
11. 3x —4>0;2 12.8 —2y>4;3 


13. ‘ PIZZA PARTY You and three friends bought a pizza. You paid $2.65 for 
your share (4 of the pizza), Write an equation that models the situation. 


What was the total cost of the pizza? (Lesson 1.5) 


_ oe) APPLICATION LINK 
c Problem Solving www.mcdougallittell.com 
ory 


THEN IN THE NINTH CENTURY, mathematician al-Khwarizmi studied at the House of 
Wisdom in Baghdad. He developed and published important concepts in algebra. 
In the 1100s, al-Khwarizmi’s text was translated from Arabic into Latin, making 
his ideas available to Western scholars. The step-by-step problem solving techniques 
invented by al-Khwarizmi are called algorithms—a Latinized form of al-Khwarizmi. 


| NOW 4 TODAY, computer programmers use algorithms to write new programs. Algorithms 
are also an important part of every algebra course. In this chapter you learned 


the following algorithm. 


Write a as Assign = Write an 
verbal model. labels. algebraic model. 


1. Write a word problem and use the algorithm shown to solve the problem. 


2. Give two more examples of step-by-step methods you have learned in your 
study of mathematics. Show a worked-out problem using each method. 


al-Khwarizmi’s work 
is translated into Latin. 


PRINT 2, N, BIGA Se 
FORMAT 922H1 THE LARGEST = 


i Ada Byron Lovelace John Backus develops i 


f Scholars study at the writes the first the programming 
House of Wisdom. computer program. language Fortran. 


1.5 A Problem Solving Plan Using Models 


Tables and Graphs 


G@QV®) usine Tastes To ORGANIZE DATA 


RRR eee EERE REE EEE EERE EEE REESE EEE EERE EERE EEE EEE EEE EEE EERE EEE EE EEE EEEEEEE EEE EEE SEES EEE EES 


Almost every day you have the chance to interpret data that describe real-life 
What you should learn situations. The word data is plural and it means information, facts, or numbers 


that describe something. 
Use tables to 


organize data. A collection of data is easier to understand when the data are organized in a table 
or in a graph. There is no “best” way to organize data, but there are many good 
ci. Use graphs to erap y & ye 


techniques. Often it helps to put numbers in either increasing or decreasing order. 


organize real-life data, such 
It also helps to group numbers so that patterns or trends are more apparent. 


as the amounts of various 
foods consumed 


in Example 2. 
GIVE) Using a Table 
Why you should learn it 
V Tohelp you see The data in the table were taken from a study on what people in the United States 
relationships among real-life eat. The study grouped what people eat into over twenty categories. The three top 
data, such as the average categories (listed in pounds per person per year) are shown in the table. 
cost of making a movie in 
Example 3. Jy ly 
(ss) Top Categories of Food Consumed by Americans (lb per person per year) 


Dairy 563.8 | 539.1 | 543.2 | 593.7 | 568.4 | 584.4 
Vegetables | 335.4 | 337.0 | 336.4 | 358.1 | 382.8 | 405.0 
Fruit 237.7 | 252.1 | 262.4 | 269.4 | 273.5 | 285.4 


ANE, ; ; 
ion DATA UPDATE of U.S. Department of Agriculture at www.mcdougallittell.com 
Year 2000 data are projected by the authors. 


In which 5-year period did the total consumption per person of dairy, fruit, and 
vegetables increase the most? When was there a decrease in total consumption? 


SOLUTION 


Add two more rows to the table. Enter the total consumption per person of all 
three categories and the amount of change from one 5-year period to the next. 


Year 


Total 1136.9 | 1128.2 | 1142.0 | 1221.2 | 1224.7 | 1274.8 | 1290.0 
Change [oo —8.7 13.8 79.2 ope, 50.1 15.2 

> From the table, you can see that the greatest increase in total consumption per 
person occurred from 1980 to 1985. During that 5-year period, total yearly 


consumption of dairy, vegetables, and fruit increased by 79.2 pounds per 
person. The minus sign indicates a decrease of 8.7 pounds from 1970 to 1975. 


Chapter 1 Connections to Algebra 


PGOAL 2) USING GRAPHS TO ORGANIZE DATA 


BARRO e eee Rene eee R eee EEE EEE EEE EEE EERE EEE EE EEE EEE EEE EEE EEE EEEEEEEEEEEEEEEEEE EEE HEHEHE EE EEE EEE EES 


One way to organize data is with a ba iph. The bars can be either vertical or 
horizontal. Example 2 shows a vertical bar graph of the data from Example 1. 


EXAMPLE 2 ] Interpreting a Bar Graph 


The bar graph shows the total amount of dairy products, vegetables, and fruit 
consumed by Americans in a given year. If you glance at the graph, it appears 
Americans ate seven times the amount of dairy products, vegetables, and fruit in 
1995 as compared with 1970. If you study the data in Example 1, you can see 
that the bar graph could be misleading. 


Consumption of Dairy, Vegetables, and Fruit 


1300 


1275 | 

Dy — 

1 

1150. 
1125 | i L Ww 


"SPP ESES 


=| SS a 


= 
& 
° 
7 
-— 
o 
2. 
= 
2 
= 
e 
=) 
= 
2. 
= 
s 
“a 
& 
° 
o 


Year 


a. Explain why the graph could be misleading. 


b. Draw a new bar graph that would not be misleading. 


SOLUTION 


_ a. The bar graph could be misleading because the vertical scale is not 
Skills Review . . ; 


: : consistent. A gap exists between 0 and the first tick mark on the vertical axis. 
For help with drawing : ; : : . : 
bar graphs, see This could give the visual impression that consumption for 1970, 1975, and 
pp. 792-794. 1980 is much lower than for the other years. 


b. To make a bar graph that would not be misleading, you must eliminate the 
gap and make sure that each tick mark represents the same amount. 


Consumption of Dairy, Vegetables, and Fruit 


Consumption (Ib/person) 


Visit our Web site & & & Ss Ss & ge? 
www.mecdougallittell.com 
for extra examples. 


BNE; 
he 3 HOMEWORK HELP 


Year 


1.6 Tables and Graphs 


Another way to organize data is with a line graph. Line graphs are especially 
useful for showing changes in data over time. 


By Me = GTI Making a Line Graph 


Mo ing From 1983 to 1996, the average cost (in millions of dollars) of making a movie is 
given in the table. 


Average Cost of Making a Movie (millions of dollars) 


983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 
| Averagecost | $11.8 | $14.0 | $16.7 | $17.5 | $20.0 | $18.1 | $23.3 


1990 
5068 | $2611 | 908 


> Source: /nternational Motion Picture Almanac 


a. Draw a line graph of the data. 
b. During which three years did the average cost decrease from the prior year? 


c. Which year showed the greatest decrease? 


FOCUS ON 
CAREERS SOLUTION 


a. Draw the vertical scale from 0 to 40 million dollars. Use units of 5 for the 
vertical axis to represent intervals of five million dollars. Draw the horizontal 
axis and mark the number of years starting with 1983. 


For each average cost in the table, draw a point on the graph. 


Draw a line from each point to the next point. 


Average Cost of Making a Movie 


Je DIRECTOR OF 
>» PHOTOGRAPHY 
The composition of the SB) oh Po D\ PD PB HV P.O GP 0 

movie shots, type of film, OS Pe PPP PF 

and equipment used are 

chosen by the director of 

photography who works b. In 1988, 1991, and 1996 the average cost of making a movie decreased 


closely with the director from the prior year. 
and producer. 


te) CAREER LINK c. The greatest decrease in the average cost of making a movie occurred 
www.medougallittell.com in 1996. 
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GUIDED PRACTICE 


COOP EO EEE E EEE EE EEE EEE EE EEE EEE SEES EEE SEES EEE EEEEEEEEEEEE EEE EEEEEEEEEEEE EEE SEES EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESD 


Vocabulary Check J 1. Explain what data are and give an example. 
Concept Check J 2. What kind of graph is useful for showing changes over time? 


3. % OLYMPIC EVENTS For a report about the Olympic Games, you want to 
include the winning times for women running the 100-meter, 200-meter, 
400-meter, 800-meter, 1500-meter, and 3000-meter races in 1992, 1996, 
and 2000. Make a table that you could use to organize the data. 


Skill Check / % WEATHER Based on the graph, 
decide whether each statement is 
true or false. 


Average Rainfall in Erie, PA 


4. Rainfall increased each month. 


5. The amount of rainfall was about 
the same in May and July. 


_ 
i 
—_ 
c 
4 
= 
c 
cc 


6. The greatest amount of rainfall 0 
occurred in June. JFMAMJJASOND 
Month 


7. The amount of rainfall was the 
same in January and July > Source: National Oceanic and Atmospheric Administration 


PRACTICE anp APPLICATIONS 


_ ® SALARIES In Exercises 8-10, use the table. It shows average salaries for 
E : females of different ages with different numbers of years of education. 

xtra Practice : 

to help you master Based on the table, decide whether each statement is true or false. 
skills is on p. 797. 


Age (years) 9-11 years High school Associate Bachelor's 
of school graduate degree degree 


$9838 | $15,017 | $20,835 | $25,800 
$11,044 | $15,720 | $21,807 | $26,831 
$11,415 | $16,603 | $21,944 | $27,716 


> Source: U.S. Bureau of the Census 


8. As the years of education increase, the average salary increases. 
9. As the years of education increase, the average salary decreases. 
10. As the age increases, the average salary increases. 


11. “ WATER NEEDS The table shows the number of gallons of water needed 


[_ SD to produce one pound of some foods. Make a bar graph of the data. 
HOMEWORK HELP 
Example t: Exs. 8-10 Food (1) 


Example 2: Exs. 11-14 
Example 3: Exs, 15-19 Water (gallons) 


> Source: Water Education Foundation 


1.6 Tables and Graphs 


4) IMMIUNICIPAL WASTE In Exercises 12-14, use the double bar graph, which 
shows the amount of different kinds of waste generated and recycled by 
city and town dwellers in the United States in 1995. 


12. Which was the most common waste generated by city dwellers? How many 
millions of tons of this waste were generated? 


13. Which kind of waste had the greatest amount recycled? How many millions 
of tons of this waste were recycled? 


14. Which kind of waste had the least amount recycled? How many millions of 
tons of this waste were recycled? 


Generated and Recycled Municipal Solid Waste 


Pane, SS SS 
Glass mi 
ed 


—sics ——— 
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ae 


Millions of tons 
te me Generated mm Recycled 


> Source: Franklin Associates 


® Minimum WAGE In Exercises 15-17, 


: . Federal Minimum Wage 
use the line graph, which shows the 


minimum wage for different years. = 
(=) 
3 
15. For how many years did the minimum ey > amie 
wage remain the same? g 
16. What was the minimum wage during s 
the time when it remained the same? > 
= 
17. In which year did the minimum wage D DO SV > oh cH cH th 
y g EESLESEES 


increase to over $4? 
In June of year 


18. % TELEVISION STATIONS The table > Source: U.S. Bureau of Labor Statistics 
shows the number of commercial 
television stations for different years. 
Make a line graph of the data. Discuss what the line graph shows. 


> Source: Television Digest 


19. % FUEL EFFICIENCY The table shows the average fuel efficiency 
for passenger cars for different years. Make a line graph of the data. 


> Source: National Highway Traffic Safety Administration 
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ExDd 
Test 20. MIULTI-STEP PROBLEM Use the graphs below. 
Preparation 


Music Sales Standard Bar Graph Music Sales Stacked Bar Graph 


a CDs 


00 
m Cassettes @ = ae 
@ Albums - @ Albums 
400 600 
200 | | | 300 


1991 1992 1993 1994 1995 1996 1991 1992 1993 1994 1995 1996 


Number sold a 
Number sold (millions) 


> Source: Recording Industry Association of America 


a. From 1991 to 1996 which type of recording showed an increase in the 
number sold? Which showed a decrease? Which remained about the same? 


b. In which two years did the total number of all types of recordings sold 
remain about the same? 


c. CHOOSING A DATA DISPLAY Compare the usefulness of the two graphs. 
* Chal lenge 21. Writing The graphs show the same data. Write a statement supported by one 
graph but not the other. Could either graph be misleading? Why? 


Technology Department Technology Department 


Number of employees 


Number of employees 


0 
EXTRA CHALLENGE S od % ok & © DS A co cd ok © oO 
_ PSII IIHS SPSS PA A? 
www.mcdougallittell.com 


MIxeD REVIEW 


SOLUTIONS Is the number given a solution of the equation? (Review 1.4 for 1.7) 

22. 5x + 2 = 17;3 23. 12 — 2y = 6;4 

24. 3x —4= 12 —5x;2 25. 2y + 8 = 4y — 2;5 

TRANSLATING Translate the verbal sentence into an equation. (Review 1.5) 

26. 3 more than a number is 5. 27. Twelve is the quotient of a number and 3. 


28. & STAMP COLLECTION In your collection of 53 stamps, 37 cost less than 
$.25. Let y be the number of stamps that cost $.25 or more. Which equation 
models the situation? (Review 1.5) 


A. 53 — y = 37 B.53 + y= 37 C.53+37=y 


1.6 Tables and Graphs 


What. you should learn 
Identify a function 


and make an input-output 
table for a function. 


cy. Write an equation 


for a real-life function, such 
as the relationship between 
water pressure and depth in 
Example 3. 


Why you should learn it 


W To represent real-life 
relationships between 
two quantities such as 
time and altitude for a 
rising hot-air balloon in 


Example 2. Be Lg 


mn 


Chapter 1 


An Introduction to Functions 
PGOAL 1) INPUT-OUTPUT TABLES 


A function is a rule that establishes a Input Output 


relationship between two quantities, called 

the input and the output. For each input, i 
there is exactly one output. More than one a 
input can have the same output. f 


One way to describe a function is to make 
an input-output table. This table lists 
the inputs and outputs shown in the diagram. 


The collection of all input values is the domain of the function and the 
collection of all output values is the range of the function. The table shows that 
the domain of the function above is 0, 1, 3, 4 and the range is 1, 2, 3. 


P EXAMPLE 1) Making an Input-Output Table 


GEOMETRY CONNECTION The diagram shows the first six triangular numbers, 
1, 3, 6, 10, 15, 21, which continue on following the same pattern. 


to) 
° ry) 
e ee eee 
0) ee eee eco5o 
e ee eee eee0 eeee0 
8 fone) ee0 eco0 ee5eee e00000 and so on. 
1 3 6 10 15 21 
Figure 1 Figure 2 Figure 3 Figure 4 Figure 5 Figure 6 and so on. 


a. Make an input-output table in which the input is the Figure number n and the 
output is the corresponding triangular number T. 


b. Does the table represent a function? Justify your answer. 


c. Describe the domain and the range. 


pte [ apa 


1 
3 
6 
10 
15 
21 


SOLUTION 


a. Use the diagram to make an 
input-output table. 


b. Yes, because for each input 
there is exactly one output. 


c. The collection of all input values is the 
domain: 1, 2, 3, 4,5, 6,.... The collection 
of all output values is the range: 1, 3, 6, 

10, 15, 21,.... 


Connections to Algebra 


T EXAMPLE 2 } Using a Table to Graph a Function 


You are at an altitude of 250 feet in a hot-air balloon. You turn on the burner and 
rise at a rate of 20 feet per minute for 5 minutes. Your altitude h after you have 
risen for ¢ minutes is given by the function 


h = 250 + 20t, whereO =t=5. 


a. For several inputs f, use the function to calculate an output h. 
b. Organize the data into an input-output table. 


c. Graph the data in the table. Then use this graph to draw a graph of 
the function. 


d. What is the domain of the function? What part of the domain is shown in 
the table? 


SOLUTION 
a. List an output for each of several inputs. 


INPUT FUNCTION OUTPUT 
t=0 h = 250 + 20(0) h = 250 
t= h = 250 + 20(1) h = 270 
t=2 h = 250 + 20(2) h = 290 
re h = 250 + 20(3) r= SiG Altitude of Balloon 
t=4 h = 250 + 20(4) h = 330 
t=5 h = 250 + 20(5) h = 350 


b. Make an input-output table. 


e 
o 
3s 
= 
= 
= 
9 


2345 
Time (min) 


9 


The points in blue are the graph of the table data. 
The black line is the graph of the function. 


d. The domain of the function is all values of t such that 0 = t = 5. The values 
of t shown in the table are 0, 1, 2, 3, 4, 5. 


SUMMARY 


DESCRIBING A FUNCTION 


Example 1 and Example 2 illustrate that functions can be described in 
these ways: 


+ Input-Output Table 

+ Description in Words 
* Equation 

* Graph 


1.7. An Introduction to Functions 


PGOAL 2) WRITING EQUATIONS FOR FUNCTIONS 


GIVE Writing an Equation 


SCUBA DIVING As you dive deeper and deeper into the ocean, the pressure of 
the water on your body steadily increases. The pressure at the surface of the 
water is 14.7 pounds per square inch (psi). The pressure increases at a rate of 
0.445 psi for each foot you descend. Represent the pressure P as a function of the 
depth d for every 20 feet you descend until you reach a depth of 120 feet. 


a. Write an equation for the function. 
b. Create an input-output table for the function. 


c. Make a line graph of the function. 


SOLUTION 


a. To write an equation for the function, apply the problem solving strategy you 
learned in Lesson 1.5. Write a verbal model, assign labels, and write an 
algebraic model. 


VERBAL Pressure at __| Pressure Rate of change| Diving 
MODEL given depth “at surface in pressure depth 
LABELS Pressure at given depth = |P (psi) 
Pressure at surface = 14.7 (psi) 
Rate of change in pressure = 0.445 (psi per foot of depth) 
Diving depth = d (feet) 
FOCUS ON 
CAREERS ALGEBRAIC Va = 14.7 + 0.445 d whereO = d = 120 
MODEL 
b. Use the equation to make c. You can represent the data in 
an input-output table for the table with a line graph. 
the function. For inputs, 
use the depths for every Underwater Pressure 
20 feet you descend down 


to 120 feet. 


Depth d | Pressure P 
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INSTRUCTOR 
Physics and physiology are 
very important to scuba 
diving instructors teaching 
diver safety. 
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ay’ SCUBA DIVING 
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Vocabulary Check / Complete the sentence. 
1. A function is a relationship between two quantities, called the _?_ and the _?.. 


2. The collection of all input values is the _?_ of the function. The collection of 
all output values is the _?_ of the function. 


Concept Check A 3. Four ways to represent a function are (1) _? , (2) _?., (3) _2., and (4) 2. 


For a relationship to be a function, it must be true that for each input, there 
is exactly one output. Does the table represent a function? Explain. 


4. Input Output . Input Output ; Input Output 


Skill Check ® CAR RACING The fastest winning speed in the Daytona 500 is about 
178 miles per hour. Calculate the distance traveled d (in miles) after time t 
(in hours) using the equation d = 178f. > Source: NASCAR 


7. Copy and complete the input-output table. 


8. Describe the domain and the range of the function whose values are shown in 
the table. 


9. Graph the data in the table. Use this graph and the fact that when t = 0, 
d = Oand when tf = 2.81, d = 500 to graph the function. 


PRACTICE ano APPLICATIONS 


b Extra Practice 


to help you master 


Input Output : Input Output 
skills is on p. 797. 


Input Output 


| i HOMEWORK HELP INPUT-OUTPUT TABLES Make an input-output table for the function. Use 0, 


Example 1: Exs. 10-25 1, 2, and 3 as the domain. 

Example 2: Exs. 26-32 = = = = 

Example 3: Exs. 33-36 13. y= 3x+2 14. y= 21 — 2x 15. y = 5x 
16. y= 6x+ 1 17.y=2x+1 18.y=x+4 


1.7. An Introduction to Functions 


MAKING INPUT-OUTPUT TABLES Make an input-output table for the 
function. Use 1, 1.5, 3, 4.5, and 6 as the domain. 


19. y = 4x + 2.5 20. y = 32 — 3x 21.y=2+ 10 


22. y = at 23. y= x7 — 0.5 24.y=15+x7 


25. % APPLE TREES A large apple tree 
may absorb 360 liters of water from the 
soil per day. The amount of water W 
absorbed over a short period of time 
is modeled by the function W = 360d, 
where d represents the number of days. 
Copy and complete the table. 


Function Output 


® TEMPERATURE In Exercises 26-29, Ran Sree aren 


use the following information. 
You use a Celsius thermometer when F= 2(0) +32 |F=32 
measuring temperature in science class. 


Your teacher asks you to show the rela- 
tionship between Celsius temperature 
and Fahrenheit temperature with a graph. 


Use the equation F = 2c + 32 to 


convert degrees Celsius C to degrees 
Fahrenheit F. 


26. Copy and complete the input-output table for the function. 


Outpt F EE EAE ER ESERIES 


27. Graph the data in the table. Label the vertical axis Temperature (°C) and the 
horizontal axis Temperature (°F). Use this graph to graph the function. 


B Look Back 28. Writing Explain why F = 2¢ + 32 represents a function. 


For help with drawing line 
graphs, see p. 42. 29. Describe the domain and the range of the function whose values are shown 


in the table. 


% DRIVE-IN MOVIE In Exercises 30-32, use the following information. 
A drive-in movie theater charges $5 admission per car and $1.25 admission for 
each person in the car. The total cost C at the drive-in movie theater is given by 
C = 5 + 1.25n, where n represents the number of people in the car. (Assume a 
maximum of 7 people per car.) 


30. Make an input-output table for the function. 


31. Describe the domain and range of the function whose values are shown 
in the table. 


32. Graph the data shown in the input-output table. 
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NE; 
Le 5 HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for help with problem 
solving in Exs. 33-36. 


Test €2) 


Preparation 


* Challenge 


www.mcdougallittell.com 


® ADVERTISING In Exercises 33-36, use the following information. 

You are in charge of advertising for the drama club’s next performance. You can 
make two signs from a poster board that is 36 inches long and 24 inches wide. 
Each poster board costs $.75. 


33. Write an equation that shows the relationship between the number of signs 
and the total cost of the poster board. Let n represent the number of signs and 
let C represent the total cost of the poster board. 


34. Evaluate the equation for n = 6, 8, 10, and 12. Organize your results in an 
input-output table. 


35. What do the values in the table represent? 


36. Suppose you have $5 to spend on poster board. Do you have enough money 
to make 14 signs? If not, how much more money do you need? 


® HOUSESITTING In Exercises 37 and 38, use the following information. 
As a summer job, you start a housesitting service in your neighborhood. You 
agree to get the mail, pick up newspapers, water plants, and feed pets for an 
initial fee of $5, plus $2 per day. 


37. Write an equation that shows the relationship between the number of days 
you housesit and the amount of money you earn for each house. 


38. How much money will you earn housesitting one house for one week? 


IVIULTI-STEP PROBLEM In Exercises 39-43, use the following information. 
You start a portable catering business. One of your specialties is a barbecue 
sandwich plate that costs $.85 to prepare. Suppose you cater an auction where 
you sell each sandwich plate for $2.00. 


39. Write a function that gives the profit you expect from catering the auction. 


40. You must also spend $50 on equipment and supplies to cater the auction. 
Write a function that includes this cost. 


41. Use your equation from Exercise 40 to find the profit you will earn if you sell 
75 barbecue sandwich plates. 


42. Suppose the cost of sandwich rolls increased by $.05 each. What effect do 
you think this will have on the profit? Write a function that includes this cost. 


43. Use your equation from Exercise 42 to find how many barbecue sandwich 
plates you must sell to make a $100 profit. 


Personal Recreation 


44. () PERSONAL RECREATION 


iss 


== The amount of money spent on 
personal recreation in billions of dollars M 
can be modeled by M = 116.3 + 28.51, 
where f is the number of years since 1985. 
The bar graph shows the amount of money 
spent on personal recreation in 1985, 1990, 
and 1995. 


Use a calculator to predict the amount 1990 1995 ¢ 
of money spent in billions of dollars in the ony DATA UPDATE US. Bureau of Economic 
years 2000 and 2005. Analysis at www.mcdougallittell.com 
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MIxeD REVIEW 


Write the expression in exponential form. (Review 1.2) 

45. x raised to the sixth power 46. nine cubed 

AT yey yy yy 48. 15+°15°15+15 
Evaluate the expression. (Review 1.3) 


3b + 3c 
3 


51. 3y* + w when y = 8 and w = 27 52. 25° — 3t when s = 4 and t = 6 


49 when b = 1 andc =9 50.6 + +4 when x = 7and y = 3 


Check whether the number is a solution of the equation or the inequality. 
(Review 1.4 for 2.1) 


53. 7y + 2=4y + 832 54. 5x —1=3x+2;4 55. 32 — Sy > 1153 
56. 7m +2< 12; 1 57.s—7=212—-s;9 58.n+2=2n —2;4 


59. % SHOE SALES A major athletic footwear company had about $3750 
million in sales of athletic footwear during the year ending May 31, 1997. 
The company’s sales fell to about $3500 million in 1998. By how much did 
the company’s sales decrease? (Review 1.5) 


Quiz 3 Self-Test for Lessons 1.6 and 1.7 
® Arts ACTIVITIES In Exercises 1 and 2, use the table which shows the 
percent of 18-to-24-year-olds that attended various arts activities at least 
once in 1997. (Lesson 1.6) 


Arts Activities Attended by 18-to-24-year-olds 


Musical Non-musical Art Historic 
play play museum park 
26% 20% 38% 46% 


> Source: Statistical Abstract of the United States, 1998 


1. Make a bar graph of the data. 


2. What conclusions can you draw from the bar graph? 


3. Which equation describes the aaah 
function that contains all of the data 2 


O;1]/2)3)]445 
points shown in the table? (Lesson 1.7) [RUGUITAy 1 


Arse" B.y=x7+1 C.y=2x+3 D.y=x?-1 


® HOT-AIR BALLOONING You are at an altitude of 200 feet in a hot-air 
balloon. You turn on the burner and rise at a rate of 25 feet per minute 
for 6 minutes. (Lesson 1.7) 


4. Write an equation for your altitude as a function of time. 


5. Make an input-output table for the function. 
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Chapter Summary 


WHAT did you learn? WHY did you learn it? 

Evaluate and write variable expressions. (1.1) _ Estimate the time it will take you to hike the length 
of a trail and back. (p. 5) 

Evaluate and write expressions containing Calculate the volume of water that a cubic 

exponents. (1.2) aquarium holds. (p. 11) 

Use the order of operations. (1.3) Calculate sales tax on a purchase. (p. 18) 

Use mental math to solve equations. (1.4) _ Estimate the amount you owe for groceries. (p. 25) 

Check solutions of inequalities. (1.4) Check a pet’s caloric intake. (p. 26) 

Translate verbal phrases and sentences into ~ Calculate the total number of dim sum plates 

expressions, equations, and inequalities. (1.5) ordered at a restaurant. (p. 33) 

Translate verbal models into algebraic models to Model the decision-making of a commercial jet 

solve problems. (1.5) pilot. (p. 34) 

Organize data using tables and graphs. (1.6) _ Interpret information about eating habits in the 
United States. (pp. 40 and 41) 

Use functions to show the relationship between _ Represent the rise of a hot-air balloon as a function. 

inputs and outputs. (1.7) (p. 47) 


How does Chapter 1 fit into the BIGGER PICTURE of algebra? 


In this chapter you were introduced to many of the terms and goals of algebra. 
Communication is a very important part of algebra, so it is important that 
algebraic terms become part of your vocabulary. Algebra is a language that you 
can use to solve real-life problems. 


STUDY STRATEGY 
How did you use the 


Remembering Order of Operations 


I. First do operations that Occur 


notes in your SbaIE within grouping 
9 : 
notebook: Z. Then evaluate powers. 
The notes you made, using the g 3. Then do multiplicati : 
d cati igi 
indy Strategy on page 2, may ¢ betorety plications and divisions from 


include this one about order of 


4. Finall iti 
operations. ally, do additions and 


subtracti 
left to right. ctions from 


* variable, p. 3 * exponent, p. 9 * solving the equation, p. 25 * line graph, p. 42 


¢ values, p. 3 ¢ base, p.9 ¢ inequality, p. 26 ¢ function, p. 46 

* variable expression, p. 3 * grouping symbols, p. 10 * solution of an inequality, p. 26 * input, p. 46 

¢ evaluating the expression, p. 3 ¢ order of operations, p. 16 ¢ modeling, p. 33 * output, p. 46 

* unit analysis, p.5 * equation, p. 24 ¢ mathematical model, p. 33 * input-output table, p. 46 
* verbal model, p.5 * open sentence, p. 24 ° data, p. 40 * domain, p. 47 

° power, p. 9 ¢ solution of an equation, p. 24 ¢ bar graph, p. 41 * range, p. 47 


E: I 
1 VARIABLES IN ALGEBRA eee. 3-5 


SRE R RRR Eee EERE EERE EEE EEE EEE EEE HEHEHE E EEE EEE HEHEHE EEE EEE SHEESH EEE EEE EE EEE EEE EEEEEEEEEE EEE HEHE EEEEE EEE EEEEEEE EEE HEHEHE EEE EEEEEEEE HEE EE EEE 


GLVTATSD Evaluate the expression when y = 4. 
Gay = I lly = 11(4) = yD ore 


=6 = 44 =4 = 13 


Evaluate the expression for the given value of the variable. 


1.a+ 14 when a = 23 2. 1.8x when x = 10 3. 7/= when m = 15 
4, > when y=75 5. p — 12 when p = 22 6. b(0.5) when b = 9 


7. How long will it take to walk 6 miles if you walk at a rate of 3 miles per hour? 


Examples on 
2 EXPONENTS AND POWERS pp. 9-11 


GELS Evaluate the expression when b = 3. 


BP=32 (10-53=00-3)?  12(5%) = 12(57) b* + 18 = 344+ 18 
=33 = = 12(5+5°5) = (3+3+3+3) + 18 
=9 = F377 = 12125) =31 > 18 
= 43 = 1500 = 99 


Evaluate the expression. 
8. eight to the fourth power 9. (2 + 3) 10. s? when s = 1.5 
11. 6 + (b°) when b = 3 12. 2x* when x = 2 13. (5x)? when x = 5 
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EB I 
ORDER OF OPERATIONS may 


GSCI Evaluate 550 - 4 (3 + 5). 
550 — 4(3 + 5)? = 550 — 4(8)? Evaluate within grouping symbols. 
= 550 — 4° 64 Evaluate powers. 


= 9507256 Multiply or divide. 
= 294 Add or subtract. 


Evaluate the expression. 


2 = 
14.4421+3-32 15.(114+7%+5 16,—+2 x — 3y 


17 = 622 “6 


Examples on 
EQUATIONS AND INEQUALITIES pp. 24-26 


ARERR ERROR EEE EEE EEE TEETH EEE EEE ESET EEE EEE EEE EEE EEEE EEE EEE EEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEE EE EEE EEE EEEEE HEHEHE EE EEEEEE EEE HEHEHE EEEEEED 


when x = 15 and y = 2 


0.) 8399 You can check whether the number 4 is a solution of 5x + 3 = 18. 
4 is not a solution, because 5(4) + 3 # 18. 


Check whether the given number is a solution of the equation or inequality. 


18. 2a — 3 =2;4 19. x7 — x =2;2 20. 9y— 3 > 24; 3 21. 5x + 2 <27;5 


E. 1 
SE sa Prostem Sowvine PLAN UsiNG MopELs pp. 32-34 


ARERR Ree eRe EHO eH EEE EEE HEHEHE HEHEHE HEHEHE THEE EHEEE HEHEHE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EERE EEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EE REESE EE 


> \\) 2839) You can model problems like the following: If you can save $5.25 a 
week, how many weeks must you save to buy a CD that costs $15.75? 


VERBAL Cost of CD 
MODEL = 
Amount saved per week 
+ 3 
LABELS Number of weeks = w (weeks) 
Cost of CD = 15.75 (dollars) 
| Amount saved per week = 5.25 (dollars per week) 
ALGEBRAIC Write algebraic model 
MoDEL 


Solve with mental math 


> You must save for 3 weeks. 


22. You are given $75 to buy juice for the school dance. Each bottle of juice costs 
$.75. Write a verbal and an algebraic model to find how many bottles of juice 
you can buy. Write an equation and use mental math to solve the equation. 


Chapter Review 


Examples on 
GC TABLES AND GRAPHS pp. 40-42 


DO} 899 Using the bar graph you can tell Titles for U.S. Tennis Players 
the following. From the vertical axis of the 


graph, you can see that male and female tennis 
players from the United States both have won 
the Australian Open 14 times. 


You can also see that United States men have 
won the French Open 10 times, while United 
States women have won 25 times. So United 
States women have won 15 more French Open 
titles than the United States men. > Source: USA Today 
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Australian French Wimbledon 
Open Open 


®@ Men Women 


In Exercises 23 and 24, use the graph above. 


23. Compare the number of titles won by United States women at Wimbledon 
with the number won by United States men. 


24. Find the total number of titles won by United States men and compare with 
the total for women. 


Use the data in the table. 


25. Make a line graph of the data. 
26. What can you conclude from the Year 1976 1980 1984 1988 1992 1996 


line graph? Percent 53.5 52.8 53.3. 50.33 55.1 48.9 


EB 1] 
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GOTES Line for your fishing reel costs $.02 per yard. One lure costs $3.50. 
Make an input-output table that shows the total cost of buying one lure and 100, 
200, 300, or 400 yards of fishing line. The equation is C = .02n + 3.50, where n is 
the number of yards of fishing line. To find C Substitute the given values of n. 


Fishing line (yards), n 100 200 300 400 


Total (dollars), C 


In Exercises 27-29, you are buying rectangular picture frames that have side 
lengths of 2w and 3w. 


27. Write an equation for the perimeter, starting with a verbal model. 


28. Make an input-output table that shows the perimeter of the frames when 
w = 1, 2,3, 4, and 5. 


29. Describe the domain and range of the function whose values are shown in 
the table. 
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Evaluate the expression when y = 3 and x = 5. 


1. 5y +x? 2.57% 3. 2y + 9x —7 4. (Sy 3) = 4 
5. 2x° + 4y 6. 8(x2) ae 7.(«-y) 8. x4 + 4(y — 2) 
In Exercises 9-11, write the expression in exponential form. 
9. 5y*Sy*5y*5y 10. nine cubed 11. six to the nth power 
12. Insert grouping symbols in 5° 4 + 6 + 2 so that the value of the expression 
is 25. 
13. “}) TRAVEL TIME If you can travel only 35 miles per hour, is 25 hours 
enough time to get to a concert that is 85 miles away? Give the expression 
you used to find the answer. 
Write an algebraic expression. 
14. seven times a number 15. x is at least ninety 16. the quotient of m and two 
In Exercises 17-22, decide whether the statement is true or false. 
17. (Q-3P =2+9 18. quotient of 3 and 12 is 4 19.8-6=6-8 
20. 10% of $38 is $.38 21.8 <y* +3 wheny =3 22. 9x > x? when x = 3 


23. The senior class is planning a trip that will cost $35 per student. If $3920 has 
been collected from the seniors for the trip, how many have paid for the trip? 


® MARCHING BAND In Exercises 24 and 25 members of the marching 
band are making their own color-guard flags. Each rectangular flag is 
1.2 yards by 0.5 yard. The material costs $1.75 per square yard. 


24. Write a function showing the relationship between the number of flags and 
the cost of the material. 


25. How much will it cost to make 20 flags? 


% SCHOOL In Exercises 26-29 the bar graph shows the number of 
students enrolled in schools in the United States in 1995 and the 
number of students expected to be enrolled in 2000. 


26. How many students are expected to be in kindergarten through eighth 
grade in 2000? 


27. Describe why the K-8 category might be so much larger than 9-12 or 
College. 


28. What group of students is expected to show the smallest change in 
enrollment from 1995 to 2000? 


29. Is the number of students enrolled in school higher in 1995 or in 
the year 2000? How do you know? 


School Enrollment 
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1995 2000 
M@k-8 9-12 MCollege 


> Source: U.S. Bureau of the Census 
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Chapter Standardized Test 


>) TEST-TAKING STRATEGY Avoid spending too much time on one question. Skip questions that 
are too difficult for you, and spend no more than a few minutes on each question. 


1. MULTIPLE CHOICE What is the average speed QUANTITATIVE COMPARISON In Exercises 7-9, 
of a car that traveled 209.2 km in 2 hours? choose the statement below that is true about 
the given numbers. 
CD 20.92 km/h 104.6 km/h 
CAD The number in column A is greater. 
©) 20.92 h/km @®) 104.6 h/km 
The number in column B is greater. 
CE 70 mi/h 
: : C&> The two numbers are equal. 
2. MULTIPLE CHOICE What is the perimeter of 
the figure? @) The relationship cannot be determined from 
the information given. 
3 COLUMN A COLUMN B 
59 
6.4 8. | 2x+5+7 2x (5 +7) 
@ 18.8 19.2 & 27.6 9. | 42 — (52+ 2) | 42 - (57) +2 


@) 38.4 CE} 192 
10. MIULTIPLE CHOICE What is the area of a square 


3. MULTIPLE CHOICE What is the value of the with sides that are 6.3 cm in length? 
expression [(5 * 9) + x] + 6 when x = 3? é 
CD 3.969 m 25.2 cm 
@D 5 15 © 18 , 
21 45 C& 25.2 cm @® 39.69 cm 
CE 39.69 cm? 
4. MULTIPLE CHOICE If 4¢ + 5 = 21, then 
pea 7, 11. MULTIPLE CHOICE Which of the following 
BH 6 one © 18 numbers is a solution of the equation 50 — x* = 1? 
CB) 
Bw 2 CE) 39 DS WBE OT OS @®DI 
. 12. MULTIPLE CHOICE Which of the following 
5. MULTIPLE CHOICE In the table, what is the numbers is a solution of the inequality 
value of m? 200 —-x=x+2) 


QI WI O10 D15@ 11 


13. MULTIPLE CHOICE What is the value of 
3.4x — 2.3y, when x = 11 and y = 12? 


Qi. @D21 OXI BIR @ 28.7 
14. IULTIPLE CHOICE You have decided to save $6 a 


6 7 8 
& © week to buy an electric guitar costing $150. Which 
@D 40 CE) 49 expression shows how much money you still need 
6. MULTIPLE CHOICE What is the value of to save after n weeks? 
6° (15 + 8) —[(2°7) — 4]? @ 150 + 6n GB 150 —6n 
@ —462 38 © 62 & (150 +6)n C@® (150 — 6)n 
@® 102 & 134 & 150n + 6n 
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15. MULTIPLE CHOICE Which algebraic expression is a translation of “five 
times the difference of eight and a number x”? 


A 5(8 — x) Bx-5:8 13 *s Sx CD 5 — 8x CE) 5x - 8 


16. VIULTIPLE CHOICE The number of students on the football team is two 
more than three times the number of students on the basketball team. If the 
basketball team has y students, how many students are on the football team? 


@ 3y B® 3y —2 © by D 2y + 3 © 2 + 3y 


17. MIULTIPLE CHOICE Which equation represents 
the function in the table? 


Input x Output y 


BA y=x+5 CB y=2x+3 
@®yaxrts Dyaxrt3 
CC) y=3x+1 


18. MULTIPLE CHOICE Which of the following represents a function? 


I. Input Output Il. Input Output Ill. Input Output 


@® All Land II C& Tand Ill CB) I and Il CED None 
MULTI-STEP PROBLEM Use the graph to compare Annual Consumption of Chocolate 
the amount of chocolate eaten in different countries. ; 
19. About how much more chocolate per person is Switzerland ian See | 

consumed in Switzerland than in the United States? Austria 

| |_| aa | | 

20. About how much more chocolate per person is Germany ea 
consumed in Norway than in the United States? Norway Sane ee 
21. How could the bar graph be misleading? United States essa | | 


22. Draw a bar graph representing the same information 
that would not be misleading. Pounds per person 


> Source: Chocolate Manufacturers Association 
MULTI-STEP PROBLEM If you place one marble in a measuring cup that 
contains 200 milliliters of water, the measure on the cup indicates that 
there is a one millimeter increase in volume. How much does the volume 
increase when you place from 1 to 10 marbles in the measuring cup? 


23. Write an equation to represent the function. 


24. Complete an input-output table for the function with domain 0, 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10. 


25. Describe the domain and range of the function whose values are shown in the table. 


26. Graph the data in the table. Use this graph to graph the function. 
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APPLICATION: Helicopters 


Helicapters are canatle of verti- 


cal flight—flying straight up and 
straight down. Rotor blades gen- 
erate an upward force (lift) as 
they whirl through the air. 


Mathematics provides a useful 
way of distingushing between 
upward and downward motion. In 
this chapter we will use positive 
numbers to measure the velocity 
of upward motion and negative 
numbers to measure the velocity 
of downward motion. 


Think & Discuss 


1. Describe some real-life situations that you might 
represent with negative numbers. 


2. Describe the average speed and direction of each 
helicopter’s movement if it travels the given 
distance in 15 seconds. 


* ANY 


4 


Not drawn to scale 


Learn More About It 
You will find the speed and velocity of different 
objects in Exercises 76—78 on p. 69. 


<RNED 
S 


APPLICATION LINK Visit www.mcdougallittell.com 
for more information about helicopters. 


PREPARE 


L Study Tip 


“Student Help” boxes 
throughout the chapter 

| give you study tips and 
tell you where to look for 
extra help in this book 
and on the Internet. 


STUDY 
STRATEGY 


Chapter X 


Stud 


What’s the chapter about? 


Chapter 2 is about real numbers. In Chapter 2 you’ ll learn 


* how to add, subtract, multiply, and divide real numbers. 
¢ how to determine the likelihood of an event using probability and odds. 


KEY VOCABULARY 


> New 

* real numbers, p. 63 
* integers, p. 63 

* absolute value, p. 65 


> Review 
* variable, p. 3 


° matrix, p. 86 

¢ distributive property, p. 100 

* reciprocal, p. 108 

* probability of an event, p. 114 


* order of operations, p. 16 
¢ data, p. 40 


* function, p. 46 * counterexample, p. 66 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Put the numbers in order from least to greatest. (Skills Review, pp. 779-780) 


543 11 95 25 43 
1. 4.6, 6.1, 5.5, 5.06, 4.07, 5.46 ae ee 


Find the value of the expression. Write the answer as a fraction or mixed 
number in lowest terms. (Skills Review, pp. 781-782) 


93 a. 2 B.of 1 _ 54 
3. 477 4. © 3 5.17 + 2¢ 6. 875 25 
$2 7,3 6.41 oe! 
7.9 a) 8.5 i4 9. 67 455 10. 96 : Ig 


Evaluate the expression. (Review Example 2, p. 17) 
11.44+ 7-32 12.64+16+5-7 
14.16 -—9*5+3 15.8°3—6°4 


13.9-8+4+4 12 
16. 12.8 — 7.5 + 1.5 + 3.2 


Here’s a study 


strategy! Studying a Lesson 


° Read the goals and study tips. 


° Review the examples and highlighted vocabulary. 


° Be suré you understand the rule: 
given in boxes. 


$ and properties 


* Take notes. Add to yout list of vocabulary, 
and properties in your notebook. 


rules, 


The Real Number Line 


GQ) Graruine REAL Numeers 


What you I... cusecsseresecaconcncncovensctonsnseececnsavensoseececnseeescnsocasenseessentesasessessucnsaseseeoeres 


Graph and Bie The numbers used in this algebra book are real numbers. They can be pictured 
pare real numbers using a as points on a horizontal line called a real number line. 


number line. 
Th t label th Points to the left of t 
pndineannvere e ue label ed O is the origin. Points to the left of zero represent 


t nbers and points to the right of zero represent positive numbe! 
Zero is neither positive nor negative. 


and the absolute value of 
a number in real-life 


applications such as the REAL NUMBER LINE 
speed and velocity of an 
elevator in Example 8. eS Negative numbers Positive numbers > 
a a ee ee a a: er 2 
Why you should learn it et ay a Pte ee eS 
V To help you understand 
negative amounts in real life, The scale marks are equally spaced and represent integers. An integer is either 


such as “below zero” 
temperature in the wind-chill 


table in Exs. 79-81. 
vee 


negative, zero, or positive. 


ee teed ee 0, 1, 2,3; 20s 


Negative integers Zero Positive integers 


The three dots on each side in the list above indicate that the list continues in 
both directions without end. For instance, the integer immediately to the left of 
—3 is —4, read as negative four. 


The real number line has points that represent fractions and decimals, as well 
as integers. The point that corresponds to a number is the graph of the number, 
and drawing the point is called graphing the number or plotting the point. 


P EXAMPLE 1) Graphing Real Numbers 


Graph the numbers 4 and —2.3 on a number line. 


SOLUTION 


The point that corresponds to 5 is one half unit to the right of zero. The point that 


corresponds to —2.3 is 2.3 units to the left of zero. 


=2:3 2 


graph of —2.3 graph of 5 


2.1 The Real Number Line 


T EXAMPLE 2 ] Comparing Real Numbers 


[_ ee Graph —4 and —5 on a number line. Then write two inequalities that compare the 
Skills Review two numbers. 


For help with comparing 
and ordering numbers, 


see pp. 779-780. SOLUTION 


On the graph, —S is to the left of —4, so —5 is less than —4. 
—5<-4 


On the graph, —4 is to the right of —5, so —4 is greater than —5S. 
—4>—5 


GIVHEED Ordering Real Numbers 


Write the following numbers in increasing order: —2, 4, 0, 1.5, s, 3. 

SOLUTION 

Graph the numbers on a number line. 

1 
a ee @ 2 15 4 
—3 —2 =1 0 1 2 3 4 5 6 
Focus ON > From the graph, you can see that the order is —2, —5, 0, a 1.5, 4 

APPLICATIONS 2 2 


Arctic Ocean 


EXAMPLE 4 } Comparing Real Numbers 


Nome, ALASKA The table at the right shows the 
low temperatures recorded in Nome, Alaska, each 
day for five days in December. 


Date Temp. (°F) 


a. Which low temperature reading was the coldest? 


b. Which dates had low temperatures above 10°F? 


ay NOME, ALASKA 


Around December c. Which dates had low temperatures below —5°F? 
21, the northern hemisphere 
has its shortest day and SOLUTION 
longest night. On that day, 
Nome has only 3 hours and a. The coldest temperature was — 11°F on December 19. 


54 minutes of daylight. 
NER 

4 DATA UPDATE 

Visit our Web site c. Low temperatures were below —5°F on December 18 (— 10°F) 
www.mcdougallittell.com and December 19 (— 11°F). 


b. On December 20, the low temperature, 16°F, was above 10°F. 


Chapter 2 Properties of Real Numbers 


PGOAL 2) FINDING OPPOSITES AND ABSOLUTE VALUES 


Two points that are the same distance from the origin but on opposite sides of the 
origin are opposites. 


GEV finding the Opposite of a Number 


The numbers —3 and 3 are opposites because each is 3 units from the origin. 


The expression —3 can be stated as “negative 3” or “the opposite of 3.” You can 
read the expression —a as “the opposite of a.” You should not assume that —a is 
a negative number. For instance, if a = —2, then —a = —(—2) = 2. 


The absolute value of a real number is the distance between the origin and the 
point representing the real number. The symbol | a | represents the absolute value 
of a number a. 


INCEPT | 


pene THE ABSOLUTE VALUE OF A NUMBER 
SUMMARY 


* If ais a positive number, then | a| : Example: |3| = 3 


* If ais zero, then |a| =0. Example: |0| = 0 


* If ais a negative number, then | a| = —a. Example: |—3| = 3 


The absolute value of a number is never negative. If the number a is negative, 
then its absolute value, —a, is positive. For instance, |—6| = —(-6) = 6. 


GEWSD Finding Absolute Values 


Evaluate the expression. 


a. |2.3| b. |-3| c. —|-8| 
SOLUTION 
a. |2.3 | = 2.3 If ais positive, then |a| = a. 
b. | 1| = ( 5) a 4 If a is negative, then |a] = —a. 
c. —|-8] = -(8) The absolute value of —8 is 8. 
= —8 Use definition of opposites. 


2.1 The Real Number Line 


Solving an Absolute Value Equation 


_ Use mental math to solve the equation. 
Look Back a.|x|=7 b.|x| = —5 


For help with the solution 
of an equation, see p. 24. 


SOLUTION 


a. Ask “what numbers are 7 units from the origin?” Both 7 and —7 are 7 units 
from the origin, so there are two solutions: 7 and —7. 


b. The absolute value of a number is never negative, so there is no solution. 


Velocity indicates both speed and direction (up is positive and down is negative). 
The speed of an object is the absolute value of its velocity. 


APEUEe ONS e283) Finding Velocity and Speed 


SPACE SHUTTLE ELEVATORS A space shuttle launch pad elevator drops at a 
rate of 10 feet per second. What are its velocity and speed? 


SOLUTION 
Velocity = —10 feet per second Motion is downward. 
Speed = | —10 | = 10 feet per second Speed is positive. 


Ye SPACE SHUTTLE In mathematics, to prove that a statement is true, you need to show that it is true 
Ss The space shuttle’s for all examples. To prove that a statement is false, you need to show that it is 
elevators have been not true for only one example, called a counterexample. 


designed to endure the 
stress of 320,000 gallons of 


water released at lift off to . 

lessen heat and vibration. EXAMPLE 9 } Using a Counterexample 

ASPNE) 

in APPLICATION LINK 

www.mcdougallittell.com Decide whether the statement is true or false. If it is false, give a counterexample. 


a. The opposite of a number is always negative. 
b. The absolute value of a number is never negative. 
c. The expression —a is never positive. 


d. The expression —a is sometimes greater than a. 


SOLUTION 
a. False. Counterexample: The opposite of —5 is 5, which is positive. 


b. True, by definition. 
c. False. Counterexample: If a = —2, then —a = —(—2) = 2, which is positive. 


d. True. For instance, if a = —8, then —a = —(—8) = 8, and 8 > —8. 
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GUIDED PRACTICE 


PCCP E SEES TELE HEE EEEEEEHEEEE EOE EEEEEES ETE E ESET EEE EEESE TOE ESOEO EE EEEETETEEESEETEEOSEEHETEEESEH OEE ESEHDE LE EESOLOLE EE EOES 


Vocabulary Check / 1. Write an inequality for the sentence: Three is greater than negative five. 


Concept Check J 2. Copy the number line. Use it to explain why —2.5 > —3.5. 


=35 ©25 
—— 
4 3 2 1 0 


3. Use a counterexample to show that the following statement is false. The 
opposite of a number is never positive. 


Skill Check / Complete the statement using > or <. 


4 —3,2.-9 6. —3 2.0 6.-22 - 1-37 


L 
2 


Graph the numbers on a number line. Then write the numbers in 
increasing order. 


- _ 2 ee! aa a4. 
8. 3,.=5, 0 9. 2,3, —4 10. Pa 11. —0.1, —1.1, -1 
Evaluate the expression. 
12. |-12| 13. |4.1| 14. |-+ 15. |—103| 


Tell whether you would use a positive number or a negative number 
to represent the velocity. 


16. The velocity of a rising rocket 17. The velocity of a falling raindrop 


PRACTICE ano APPLICATIONS 


CPCS C SEES E EEE EEE EEE EEE TEESE EE EEE EEEEE EEE EEE EEE SESE EEE EEE EE EEEEEE EEE EEEEEEEEEEEEESEEEEEEEEEEEEEE EEE EEEEEEEEESEEEEEEEEESEEEEES 


WRITING INEQUALITIES Graph the numbers on a number line. Then write 
: two inequalities that compare the two numbers. 
Extra Practice 
to help you master 18. —6 and 4 19. —6.4 and —6.3 20. —7 and 2 
skills is on p. 798. 
21. —0.1 and —0.11 22. 5.7 and —4.2 23. —2.8 and 3.7 
= 3 7 ec 42 and ie 
24. —2.7 and 4 25. —0.5 and 3 26. IG and Ig 


ORDERING NUMBERS Write the numbers in increasing order. 


27. 4.66, 0.7, 4.6, —1.8, 3, —0.66 28. —0.03, 0.2, 0, 2.0, —0.2, —0.02 

td 1 1 

_ ae 29. 4.8, —2.6, 0, —3, a) 30. 35: 3.4, 4.1, —5, —5.1, —4, 
HOMEWORK HELP 1 3 1 
Example 1: Exs. 18-26 31. 7, 7 2.4, me 5.8, 3 32. 6.03, —6.08, —6.1, —6.11, —6.02, 6.07 
Example 2: Exs. 18-26 
Example 3: Exs. 27-32 OPPOSITES Find the opposite of the number. 
Example 4: Exs. 66—70 
Example 5: Exs. 33-40 33. 8 34. —3 35. 3.8 36. —2.5 
continued onp-O8 | 9, —3 38. 35 39. —2.01 40. -5 


2.1 The Real Number Line 


a HOMEWORK HELP 


continued from p. 67 


Example 6: Exs. 41—49 
Example 7: Exs. 50-53 
Example 8: Exs. 76-78 
Example 9: Exs. 54-57 


FOCUS ON 
APPLICATIONS 


Je ASTRONOMY 
Ss A star may appear 
to be dim because of its 
great distance from Earth. 
Such a star may burn 
brighter than another star 
that looks very bright 


because it is closer to Earth. 


FINDING ABSOLUTE VALUES Evaluate the expression. 


41. |7| 42. |—4| 43. |-4.5| 
2 4 
44. /3| 45. |-4 46. |0|+2 
47. |6.3|-2 48. -|-8 49. |-6.1|— 6.01 


SOLVE AN EQUATION Use mental math to solve the equation. 
50. |x| =4 51. |x| =0 52. x = |—3.8| 53. |—x|=1 


COUNTEREXAMPLES Decide whether the statement is true or false. If it is 
false, give a counterexample. 


54. The absolute value of a negative number is always negative. 
55. The opposite of —a is always positive. 
56. The opposite of | a | is never positive. 


57. The value of | =a | is sometimes negative. 


LOGICAL REASONING Complete the statement using >, <, =, or <. 
58. Ifx > —4, then —4 ? x. 59. If3 = y, theny ? 3. 
60. If m = 8, then 8 _?_ m. 61. If —7 = w, then w _?. —7. 


% ELEVATION In Exercises 62-65, write a positive number, a negative 
number, or zero to represent the elevation of the location. 

Elevation is represented by comparing a location to sea level, which is given a 
value of zero. A location above sea level has a positive elevation, and a location 
below sea level has a negative elevation. 


62. Granite Peak, Montana, 12,799 feet above sea level 
63. New Orleans, Louisiana, 8 feet below sea level 
64. Death Valley, California, 282 feet below sea level 


65. Long Island Sound, Connecticut, sea level 


® AsTRONOMY In Exercises 66-70, 
é Star Apparent 
use the table showing the apparent magnitude 


magnitude of several stars. 
A star’s brightness as it appears to a 
person on Earth is measured by its 


apparent magnitude. A bright star has a 
lesser apparent magnitude than a dim star. Pollux 


66. Which star looks the brightest? Altair 
67. Which star looks the dimmest? Spica 


68. Which stars look dimmer than Altair? Vega 
Regulus 


Procyon 


69. Which stars look brighter than Procyon? 
Sirius 


70. Write the stars in order from dimmest 
to brightest. Arcturus 


Deneb 
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Apo ns ® GOLF In Exercises 71-75, use the table, Player Score 


which lists several players and their final 
scores at a 1998 Ladies Professional Golf Luciana Bemvenuti 


Association tournament. Liz Early 

In golf the total score is given as the number of Michelle Estill 
strokes above or below par, the expected score. —— 
If you are at “even par,” your score is zero. The Hiromi Kobayashi 
player with the lowest score wins. Jenny Lidback 

71. Which player scored closest to par? Joan Pitcock 

72. Which player scored farthest from par? Nancy Scranton 
73. Which players scored above par? Annika Sérenstam 


> Source: Ladies Professional 
Golf Association 


= 74. Which players scored below par? 


Ue . 
2" GOLF SCORES 75. One of the players listed won the tournament. Who was it? 
If you complete a 
round of golf in 68 strokes SPEED AND VELOCITY Find the speed and the velocity of the object. 
at a course with a par of 
71 strokes, you have shot 76. A helicopter is descending for a landing at a rate of 6 feet per second. 


"3 under par,” or —3. 
ee 77. An elevator in the Washington Monument in Washington, DC, climbs about 


429 feet per minute. > Source: National Park Service 


78. A diver plunges to the ocean floor at a rate of 3 meters per second. 


® WIND CHILL The faster the wind blows, the colder you feel. In 
Exercises 79-81, use the wind-chill index table to identify the combination 
of temperature and wind speed that feels colder. 

To use the table, find the temperature in the top row. Read down until you are in 
the row for the appropriate wind speed. For example, when the temperature is 
O°F and the wind speed is 10 mi/h, the temperature feels like —22°F. 


Wind-Chill Index 


79. A temperature of 10°F with a wind speed of 25 mi/h, 
or a temperature of —5°F with a wind speed of 10 mi/h 


ae 80. A temperature of 5°F with a wind speed of 15 mi/h, 
es HOMEWORK HELP or a temperature of —5°F with a wind speed of 5 mi/h 
Visit our Web sit 
wwwimedougalittellcom 81. A temperature of — 10°F with a wind speed of 5 mi/h, 


for help with Exs. 79-81. or a temperature of 10°F with a wind speed of 20 mi/h 


2.1 The Real Number Line 


82. Writing You are writing a quiz for this lesson. Write a problem to test 
whether students can write a set of real numbers in increasing order. Include 
positive and negative decimals and fractions. Show the answer to your 
problem on a number line. 


Ody 
Test = QUANTITATIVE COMPARISON In Exercises 83-85, choose the statement 
Preparation that is true about the given numbers. 


CA The number in column A is greater. 
The number in column B is greater. 
C& The two numbers are equal. 


(> The relationship cannot be determined from the given information. 


* Chal lenge 86. LOGICAL REASONING Is the opposite of the absolute value of a number 
ever the same as the absolute value of the opposite of the number? In other 
words, is it ever true that — | x | = | = | ? Explain. 


87. LOGICAL REASONING Is it always, sometimes, or never true that 
www.mce dougallittell.com |x| = |—x|? 


MIxeD REVIEW 


FRACTION OPERATIONS Find the sum. (Skills Review, p. 781) 


24 2 2. 5 J 241 
88.7 +3 89.5 +6 90.547 
5 1 2 1 7 3 


EVALUATING EXPRESSIONS Evaluate the expression for the given value(s) 
of the variable(s). (Review 1.1) 


94. 5x + 3 when x = 2 95. 2a — 7 whena = 6 
96. 3y + 12 when y = 0 97. 6b — 39 + c when b = 15 and cc = 2 


98. 2a —bwhena=G6andb=5 99. 2 ~ 2y whenx = 12 andy = $ 


TRANSLATING VERBAL SENTENCES Write the verbal sentence as 
an equation or an inequality. (Review 1.5) 


100. Five less than z is eight. 
101. Eight more than r is seventeen. 


102. Nine more than three fourths of y is less than six times w. 
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© ACTIVITY 2.2 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
algebra tiles 


Group Activity for use with Lesson 2.2 


Modeling Addition of Integers 


> QUESTION How can you model addition of integers with algebra tiles? 


> EXPLORING THE CONCEPT 


To model addition problems involving positive and negative integers, you can use 
tiles labeled + and §. Each + represents positive 1, and each BM represents 


negative 1. Combining a + with a gives 0. You can use algebra tiles to find 
the sum of —8 and 3. 


@ Model negative 8 and positive 3 using algebra tiles. 


BEEEEEER FFF 
—8 3 


2) Group pairs of positive and negative tiles. Count the remaining tiles. 


Each pair has a S al aa 
asum of 0. 
sme es 


(3) The remaining tiles show the sum of —8 and 3. 


Complete the statement: -8 + 3 = 2. 


> DRAWING CONCLUSIONS 


Use algebra tiles to find the sum. Sketch your solution. 


LA aes ry aes a1 (GD) 
7) Rete 65-2) 
Tn O32 E SD t(D) O =6 2 3) 


Use your results from Exercises 1-8 to help you decide whether the 
statement is true or false. Give an example that supports your answer. 


10. The sum of a positive integer and a positive integer is always a 
positive integer. 


11. The sum of a negative integer and a negative integer is always a 
positive integer. 


12. The sum of a positive integer and a negative integer is sometimes a 
negative integer. 


13. The sum of a negative integer and a negative integer is never zero. 


2.2 Concept Activity 


Addition of Real Numbers 
What. you should learn PGOAL 1) ADDING REAL NUMBERS 


COM Add real numbers Addition can be modeled with movements on a number line. 
using a number line or - ; 
addition rules. ¢ You add a positive number by moving to the right. 

Use addition of * You add a negative number by moving to the left. 


real numbers to solve real- 
life problems such as finding 


the profit of a business in : 
Example 5. EXAMPLE 1 } Adding Two Real Numbers 


Why you should learnit | Use a number line to find the sum. 


V To solve real-life a.—245 b. 2 + (—6) 
problems, such as finding 
the number of yards gained SOLUTION 


by a football team in 


Ex. 51. J Start at —2. “i Move 5 units to the right. > -Endat3. 
— / 4 3 2 1 0 1 2 3 4 


> The sum can be written as —2 + 5 = 3. 


End at —4. “ty EE Move 6 units to the left. ir Start at 2. 


a a a a a 
6 5 4 3 2 1 0 1 2 3 


> The sum can be written as 2 + (—6) = —4. 


GIVE Adding Three Real Numbers 


Use a number line to find the sum: —3 + 5 + (—6). 


SOLUTION 


Start at —3. Move 5 units to the right. wens all +5=2 


5 4 3 2 1 0 1 2 3 


End at —4, <aammms Move 6 units to the left. 


> The sum can be written as —3 + 5 + (—6) = —4. 
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The rules of addition show how to add two real numbers without a number line. 


RULES OF ADDITION 


TO ADD TWO NUMBERS WITH THE SAME SIGN: 
steP @ Add their absolute values. 
STEP @ Attach the common sign. 


Example: —4 + (—5) Step1 > |-4|+ |-5|=9 Step2. —9 


TO ADD TWO NUMBERS WITH OPPOSITE SIGNS: 
STEP @ Subtract the smaller absolute value from the larger absolute value. 
STEP @ Attach the sign of the number with the larger absolute value. 


Example:3 + (-9) Step1 |-9|-|3|=6 Step2 -6 


The above rules of addition will help you find sums of positive and negative 
numbers. It can be shown that these rules are a consequence of the following 
Properties of Addition. 


PROPERTIES OF ADDITION 


COMMUTATIVE PROPERTY 
The order in which two numbers are added does not change the sum. 


at+b=bt+a Example: 3 + (—2) = -2+ 3 
ASSOCIATIVE PROPERTY 
The way you group three numbers when adding does not change the sum. 
(a+ b)+cec=at+(b+o) Example: (-5 + 6) + 2 = —5 + (6+ 2) 
IDENTITY PROPERTY 
The sum of a number and 0 is the number. 
a+O=a Example: -4+ 0 = —4 
PROPERTY OF ZERO (INVERSE PROPERTY) 
The sum of a number and its opposite is 0. 
a+(-a)=0 Example: 5 + (—5) = 0 


GIVE) Finding a Sum 


a. 1.4 + (—2.6) + 3.1= 14+ (2.6 + 3.1) Use associative property. 


= 14+ 0.5 Simplify. 

$°3 HOMEWORK HELP 

Visit our Web site = 12 
www.mcdougallittell.com 
for extra examples. b. 4 Sb + = 4s + + + 3 Use commutative property. 
Look Back 11 
For help with fraction = (-$ ae 3) + 3 Use associative property. 
operations, see 
pp. 781-783. =01+3=3 Use identity property and property of zero. 


2.2 Addition of Real Numbers 


FOCUS ON 
APPLICATIONS 


GOAL 2) USING ADDITION IN REAL LIFE 


GZVEE) Adding Real Numbers 


SCIENCE CONNECTION Atoms are composed of electrons, neutrons, and 
protons. Each electron has a charge of —1, each neutron has a charge of 0, and 
each proton has a charge of +1. The total charge of an atom is the sum of all 
the charges of its electrons, neutrons, and protons. An atom is an ion if it has 


Bn 


SO a positive or negative charge. If an atom has a charge of zero, it is not an ion. 
Je CRYSTALS are ; 
Are the following atoms ions? 
often made up of 
ions. The attraction of a. Aluminum: 13 electrons, 13 neutrons, 13 protons 
positive and negative ions . 
to each other results ina b. Aluminum: 10 electrons, 13 neutrons, 13 protons 


regular geometric pattern. 
SOLUTION 
a. The total charge is —13 + 0 + 13 = 0, so the atom is not an ion. In 
chemistry this aluminum atom is written as Al. 


b. The total charge is —10 + 0 + 13 = 3, so the atom is an ion. In chemistry 
this aluminum ion is written as Al?*. 


PROFIT AND Loss A company has a profit if its income is greater than its 
expenses. It has a Joss if its income is less than its expenses. Business losses 
can be indicated by negative numbers. 


GIVE Finding the Total Profit 


“2 Aconsulting company had the following monthly results after comparing 
== income and expenses. Add the monthly profits and losses to find the overall 
profit or loss during the six-month period. 


JANUARY FEBRUARY MARCH 
-$13,14e-50 -$b,783-16b -$4,734.4b 
APRIL MAY JUNE 


$3,425-01 $?7,b13-17 s1e,43e-54 
ae: HELP 


To enter —5ona 


calculator with a SOLUTION With this many large numbers, you may want to use a calculator. 
key, enter 5 EYE. To 
I 5: 13142.50 6783.16 4734.86 
pail EGY Key, enter 3825.01 EE 7613.17 EM 1293254 285.8 
5. 


> The display is —289.8. This means the company had a loss of $289.80. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Would a business represent profits or losses with negative numbers? 


Concept Check J 2. Is the order in which you add two numbers important? Make a sketch to help 
explain your answer. What property does this illustrate? 


3. Show how to model the sum of —3, 2, and —1 in two ways. Make a sketch 
to illustrate both ways. 


Skill Check J 4. Write an addition equation to represent the sum modeled on the number line. 


Find the sum. 


5.240 6.4 + (-3) 7. —2+ (-3) 
B=947 9.-1+6 10. -4+5 


11. % TEMPERATURE The highest recorded temperature in Hawaii is 100°F. 
The highest recorded temperature in Colorado is 18°F higher than that of 
Hawaii. What is the highest recorded temperature in Colorado? 


> Source: National Oceanographic and Atmospheric Administration 


PRACTICE ano APPLICATIONS 


CROCE EERE EEE EEE EEE TEETH EEE ETOH EEE EEE EEE EEE EEE EEEEEEE EEE TEESE EEE EEE EE EE EE EEE EEE EEE EEE TEESE SETH ESTEE EEEEEEEEEEEEEEEEEEEES 


_ cea NUMBER LINE SUMS Use a number line to find the sum. 
Extra Practice 12.-8+ 12 13. 2 + (—5) 14. =3 3) 


to help you master 
skills is on p. 798. 15. —3 + (—7) 16.—-4+5 17.-10+4 
18. -5 +8 + (-2) 19.2 + (-9) +3 20.-5+8+ (-35) 
RULES OF ADDITION Find the sum. 
21.-4+6 22.17 + 35 23.19 +0 
24. 0 + (—5) 25. —13 + (—6) 26. 14 + (-11) 
27. -5 + 10 + (-3) 28. —4 + 10 + (—6) 29. —11.6 + 6.4 + (—3.0) 


30: 5.7 (-95) F352 31.6.8 43.34 (4.1) 32.9.8 + (-6.3) + (—72) 


ADDITION PROPERTIES Name the property that makes the statement true. 


_ 33. -8 + 0=—-8 34.2 + (—-3) = -3+4+2 
HOMEWORK HELP 35. -2+2=0 36. (-4+ 3) + 1=-4+4+ (+41) 


Example 1: Exs. 12-17 = 


FINDING SUMS Find the sum. Use a calculator if you wish. 


Example 2: Exs. 18-20 = 

Example 3: Exs. 21-36 = 

Example 4: Exs. 5254 37. —2.95 + 5.76 + (-88.6) 38. 10.97 + (—51.14) + (—40.97) 
Example 5: ae 37-42, 39. 20.37 + 190.8 + (—85.13) 40. 300.3 + (—22.24) + 78.713 


41. —1.567 + (—2.645) + 5308.34 42. —7344,28 + 2997.65 + (—255.11) 


2.2 Addition of Real Numbers 


EVALUATING EXPRESSIONS Evaluate the expression for the given 
Look Back value of x. 


For help with evalu- 43.5+x+ (-8);x=2 44.4 +x+10+ (-10);x=3 

ating expressions, 

see p. 3. 45.—-24+6+%xx=8 46.-6+%x%+4;x=-3 
47.2+(-5)+x+ 14;x= -8 48. —11+ (-2)+11+%x;x=-10 
49. x + (—6) + (-11);x = -7 50. 9 + x + (—8) + (—3);x = —12 


51. % CHAMPIONSHIP GAME In the game that decides the high school 
football championship, your team needs to gain 14 yards to score a 
touchdown and win. Your team’s final four plays result in a 9-yard gain, 
a 5-yard loss, a 4-yard gain, and a 5-yard gain as time runs out. Use a 
number line to model the gains and losses. Did your team win? 


Apo ons | SCIENCE 4 CONNECTION In Exercises 52-54, use the information in Example 4 
on page 74 and in the table below. The table shows the number of 
electrons and protons in atoms of sodium (Na) and fluorine (F). 


52. Find the total charge of each sodium 
atom. Then decide whether the atom 
is an ion. Which atom has a symbol 


Atom Electrons Protons 


of Na‘? 
53. Find the total charge of each fluorine ana 
atom. Then decide whether the atom is 
an ion. Which atom has a symbol of F~? Fatom 2 
on 54. CRITICAL THINKING You do not need to know the number of neutrons in 
Ss the two elements an atom to find its total charge. Explain why not. Which property of addition 
that make salt, NaCl. Salt, supports your answer? 
or sodium chloride, is a 
naturally occurring mineral 55. % PROFIT AND Loss A pest control company had a profit of $3,514.65 
mined from the ground. in April, a profit of $5,674.25 in May, a loss of $8,992.88 in June, and a loss 


of $1,207.03 in July. Did the company make a profit during the 4-month 
period? Explain. 


4 TIME ZONES In Exercises 56 and 57, use the time zones map. It shows 
the time in different zones of the country when it is 1:00 P.M. in California. 


56. A Thanksgiving Day parade in 
New York City is scheduled to 
begin at 9:00 A.M. and will be 


Time Zones in the 
Continental United States 


televised live. If you live in Eastern 
Nevada, at what time can you Ly 
see the parade begin on 


television? 


57. A New Year’s Day parade in 
California is scheduled to begin at 
8:00 A.M. and will be televised 
live. If you live in Illinois, at what 
time can you see the parade begin 
on television? 
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Test €3> 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


IVIULTIPLE CHOICE In Exercises 58-60, use the table, which shows a 
6-month record of a household budget used to calculate monthly savings. 


58. In which month did the household 


saviethe most money? Month §$Earned $ Spent $ Saved 


eee Seen | assas2 [-i7miso| 2 _| 
[wor [assi.s9 [—iss6aa] 2 _| 


©) May @® June 
59. In which month did the household’s 

spending most exceed its earnings? [pe | 1567.96 | — 1874.72 

Ge Tanuary ee | may | 1921.03 | —1602.19 


oe oe 


60. How much money did the household save during the 6-month period? 


@ $83.31 $16.69 E& $116.69 CD) $183.31 


61. LOGICAL REASONING Formulate the following statement in terms of 
variables. Then decide whether it is true or false. The opposite of the sum of 
two numbers is equal to the sum of the opposites of the numbers. If false, give 
a counterexample. If true, give two examples involving negative numbers. 


COROT E SEES EEEEE EEE EEE EE EEE EEEE EE EE EEE EEE EEEEEEEEEEE EES ESESEEESESEEEEESEEEEEEESEEEEEEESEEES 


FRACTION OPERATIONS Find the difference. (Skills Review, p. 781) 


4_2 8 _2 3 3 (ie 
62. 5 5 63. 9 3 64. 47D 65. 8. 4 
2 51 3_1 9 _ «3 3S 3 
66. 43 25 67. 6. 9 68. 0 55 69. 12 16 
VARIABLE EXPRESSIONS Evaluate the expression. (Review 1.3) 
70. at + 8 when a = 10 71. 79 — v? when v = 4 
72. 1? — 7t+ 12 whent = 8 73. 2x7 + 8x — 5 when x = 3 


CHECKING SOLUTIONS Check whether the given number is a solution 
of the equation. (Review 1.4) 


74.x+5=11;7 75. 12 — 2a = 18; 4 76. 7y — 15 = 6;3 
77.3 + 24=9+d;6 78. 3w -7=w+1;5 79. 62 + 5 = 8z — 12; 8.5 


% PIZZA In Exercises 80-82, use the following information. A pizzeria 
charges $6.00 for a large cheese pizza, and $.85 for each additional topping. 
The total cost C of a large cheese pizza with n additional toppings is given 
by C=6+ 0.85n. (Review 1.7) 


80. Write an input-output table that shows the total cost of a pizza with 0, 1, 2, 3, 
4, and 5 additional toppings. 


81. Describe the domain and range of the function. 


82. Graph the data in the input-output table. 


2.2 Addition of Real Numbers 


© ACTIVITY 2.3 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
algebra tiles 


fs Look Back 


For help with using 
algebra tiles, see p. 71. 


Group Activity for use with Lesson 2.3 


Modeling Subtraction of Integers 


> QUESTION How can you model the subtraction of integers? 


> EXPLORING THE CONCEPT: MODELING —6 — (—2) 


You can use algebra tiles to find differences. 


1) Use algebra tiles to model —6. 2) Subtract —2 by taking away two 
—|1-tiles. 


—6 — (-2) 
(3) The remaining tiles show the difference of —6 and —2. 


Complete the statement: —6 — (-2) = 2. 


> EXPLORING THE CONCEPT: MODELING 3 - 6 
4.) Use algebra tiles to model 3. 5) Subtract 6 by taking away six 1-tiles. 


3 
Bae 
] ia 
Add 3 “zero pairs” 
so you can subtract 6. 


6) The remaining tiles show the difference of 3 and 6. 


Complete the statement: 3 — 6 = 2. 


> DRAWING CONCLUSIONS 


Use algebra tiles to find the difference. Sketch your solution. 


1 7=2 Yas 3. -5 — (-1) 
4. —6 — (-6) 2 8 oe 
7.3-5 8.5-8 9. 0 — (-5) 


In Exercises 10 and 11, decide whether the statement is true or 
false. Use algebra tiles to show an example that supports your 
answer. Sketch your example. 


10. To subtract a positive integer, add the opposite of the positive integer. 


11. To subtract a negative integer, add the opposite of the negative integer. 
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Subtraction of Real Numbers 


GQ) sustractine REAL Numeers 
What you should learn 


Subtract real Some addition expressions can be evaluated using subtraction. 

numbers using the 

gabiractonirule. ADDITION PROBLEM EQUIVALENT SUBTRACTION PROBLEM 
Use subtraction 5 + (—3)=2 5S-3=2 

of real numbers to solve real- 9 + (-6) =3 g=—-6=4 

life problems such as finding 

the differences in stock Adding the opposite of a number is equivalent to subtracting the number. 


market prices in Example 5. 


Why you should learn it SUBTRACTION RULE 


V To solve real-life problems 
such as analyzing data on _ _ 
visitors to a historical site in a—b=a+(-b) Example: 3 — 5 = 3 + (—5) 


The result is the difference of a and b. 


To subtract b from a, add the opposite of bto a. 


EXAMPLE 1 ] Using the Subtraction Rule 


Find the difference. 


Yes = _ _3_ (1 
a.-4—-3 b. 10 — 11 c. 11 — 10 d. 5) ( 5] 
SOLUTION 
a. —4-—3= —4+ (-3) Add the opposite of 3. 
=—7 Use rules of addition. 
b. 10 — 11 = 10 + (11) Add the opposite of 11. 
Native American dance =-—] Use rules of addition 
at Nez Perce National ; 
Historical Park c. 11 — 10 = 11 + (10) Add the opposite of 10. 
= 1 Use rules of addition. 


3_/.1\)__3,1 : 1 
d. 5) ( 7) = + Add the opposite of —>. 
=-—l Use rules of addition. 


The commutative property of addition, a + b = b + a, shows that the order in 
which two numbers are added does not affect the result. But as you may have 
noticed in parts (b) and (c) of Example 1, the order in which two numbers are 
subtracted does affect the result. Subtraction is not commutative. 


2.3. Subtraction of Real Numbers 


Expressions containing more than one subtraction can also be evaluated 
by “adding the opposite.” To do this, use the left-to-right rule for order 
of operations. 


_ T EXAMPLE 2 } Evaluating Expressions with More than One Subtraction 
geet HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


Evaluate the expression 3 — (—4) — 2 + 8. 


SOLUTION 
3 -—(-4) -—-24+8=3+4+(-2)4+8 Add the opposites of —4 and 2. 


=7+(-2)+8 Add 3 and 4. 
=5+8 Add 7 and —2. 
= 13 Add 5 and 8. 


When an expression is written as a sum, the parts that are added are the terms 
of the expression. For instance, you can write the expression 5 — x as the sum 
5 + (—x). The terms are 5 and —x. You can use the subtraction rule to find the 
terms of an expression. 


T EXAMPLE 3 | Finding the Terms of an Expression 


Find the terms of —9 — 2x. 


SOLUTION Use the subtraction rule. 


9 — 2x = —9 + (—2x) Rewrite the difference as a sum. 


> In this form, you can see that the terms of the expression are —9 and —2x. 


Ea GETRED Evaluating a Function 
Look Back 


For help with Evaluate the function y = —5 — x for these values of x: —2, —1, 0, and 1. 


functions, see p. 46. : : ‘ 
Organize your results in a table and describe the pattern. 


SOLUTION 


Function Output 


> From the table, you can see that each time x increases by 1, y decreases by 1. 
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Apne LNs PGOAL 2) USING SUBTRACTION IN REAL LIFE 


PEXAMPLE 5] Subtracting Real Numbers 


STOCK MARKET You are writing a report about the Dow Jones utilities average. 
The daily closing averages for one week are given in the table. Find the change in 
the closing average since the previous day to complete the table. 


5 STOCK MARKET Date 


The Dow Jones 
utilities average is an WOT ENE! 266.13 | 268.08 | 267.11 269.37 | 268.02 
average price of the shares Change 9 9 9 9 
of 15 large gas and electric 


companies. The average is > Source: Wall Street Journal 
used to show the general 
trend in the stock prices of SOLUTION 


these types of companies. ; . 
Subtract each day’s closing average from the closing average for the 


previous day. 


DATE CLOSING AVERAGE CHANGE 

Feb. 9 266.13 — 

Feb. 10 268.08 268.08 — 266.13 = +1.95 
Feb. 11 267.11 267.11 — 268.08 = —0.97 
Feb. 12 269.37 269.37 — 267.11 = +2.26 
Feb. 13 268.02 268.02 — 269.37 = —1.35 


EXAMPLE 6 ] Using a Calculator 


= Use the solution from Example 5 to answer the following questions. 


a. Write the changes you found in order. 


b. Find the difference of the greatest number and the least number. 


SOLUTION 


a. Written in order from least to greatest, the numbers are as follows. 
—1.35, —0.97, 1.95, 2.26 


b. The difference of the greatest number and the least number is 


2,26 > (1:35), 
Recaro With a calculator, you can find the difference. 
ANE, 
cag KEYSTROKE HELP KEYSTROKES DISPLAY 
Visit our Web site 
www.mcdougallittell.com - 
to see keystrokes for 2.26 Kal 1.35 = z= 
several models of 
calculators. } The greatest number is 3.61 more than the least number. 


2.3. Subtraction of Real Numbers 


GUIDED PRACTICE 


PPO oo SCE HOHE EE EEOEHE EEE E HEEL EE EOESE TEE ESOEO SEO EOESE TEE E OOS EEO EOESTETEEESOEO SEO HETSETEE ESET EOSEHSETEEESELELEOSESEE SEES SOE 


Vocabulary Check J 1. Is 7x a term of the expression 4y* — 7x — 9? Explain. 
Concept Check J 2. Use the number line to complete: -2 — 5 = 2. 


9 8 7 6 5 4 3 2 1 0 1 2 


3. Explain the steps you would take to evaluate the expression 5 — 7 — (—4). 


Skill Check J Use the subtraction rule to rewrite the subtraction expression as an 
equivalent addition expression. Then evaluate the expression. 


4.45 38) 60=9 12-36 
1 1 2 1 1 
824-3 9.-36-(-6) 104-4 11,2 - 4) -5 


Find the terms of the expression. 
12. 12 — 5x 13. —7y* + 12y — 6 14. 23 — 5w — By 


15. Evaluate the function y = —x — 3 for these values of x: —2, —1, 0, 1, and 2. 
Organize your results in a table. Describe the pattern. 


PRACTICE AND APPLICATIONS 


_ aca DIFFERENCES Find the difference. 
Extra Practice 16.4—9 17.6 — 13 18. 8 — (—5) 19,=2:={—7) 


to help you master 


skills is on p. 798. 20.-11-8  21.24-39 22. 137 — 355 23. —65 — (—59) 
24.12.5-9.8  25.-3.2-1.7 26.5.4—(-3.8) 27. -6.6—- (-16.1) 
a oot oe eee _3_3 a 
28. 373 29. 4 ( A 30. 3. 4 31. 10.4 
32.6-|-2| 33.15-|-6| 34. |5|-7.9 35. 34.1 —|—57.2| 


EVALUATING EXPRESSIONS Evaluate the expression. 


36.2 — (-4)-7 37. 8 — 11 — (-6) 38. 4 + (—3) — (-5) 

39. 3 — (—8) + (-9) 40. 14 + (—7) — 12 41. -7+ 42-63 

42. -8 — (-12) +3 43.6-1+10—-(-8) 44.14-84+17-(-23) 
[_ 45.2.3+(-9.1)-1.2 46.1.3+(-13)-42 47. -8.5 — 3.9 + (-16.2) 
Romezoewe | @84-52-C4n a -§-F4(3) Sag CG) +3) 
ai - a ee FINDING TERMS Find the terms of the expression. 
ai eaetge B1.—4-y 52.-x-7 53. —3x + 6 54. 9 — 28x 

55. —9 + 4b 56.a+3b-5 57.x-y-T7 58. —3x + 5 — 8y 


Chapter 2 Properties of Real Numbers 


EVALUATING FUNCTIONS Evaluate the function for these values of 
x: —2, —1, 0, and 1. Organize your results in a table. 


59.y=x-8 60. y= 12—-x 61. y= —x+ 12.1 
62. y = —8.5 — (-x) 63. y= 27+ x 64. y= —-x+13-—x 


a EVALUATING EXPRESSIONS Evaluate the expression. Use estimation to 
“= check your answer. 


65. 5.3 — (25) = 47 66. 8.9 — (-2.1) — 7.3 
67. —4.89 + 2.69 — (—3.74) 68. —7.85 + 5.96 — (—2.49) 
69, = 13,87 —(—13,87) +:5.8 70. —15.7 + 0.01 + (—34.44) 


71. ‘.”) SUBMARINE DEPTH A submarine is at a depth of 725 feet below sea 
level. Five minutes later, it is at a depth of 450 feet below sea level. What is 
the change in depth of the submarine? Did it go up or down? 


72. ‘”) GASOLINE PRICES Last month the price of gasoline was $1.19 per 
gallon. This month the price of gasoline is $1.13 per gallon. What was the 
change in the price per gallon of gasoline? 


® GOLD PRICES IN LONDON At 9 A.M., an ounce of gold sells for $287.56. 
At noon, gold sells for $286.90 per ounce. At 4 P.M., the final price for the 
day is $287.37 per ounce. 


73. What is the change in the price per ounce of gold from 9 A.M. to noon? 
74. What is the change in the price per ounce of gold from noon to 4 P.M.? 


75. What is the change in the price per ounce of gold from 9 A.M. to 4 P.M.? 


S HIKING Use the diagram for Exercises 76-78. It shows the elevation 
above sea level (in feet) of various points along the Mount Langdon Trail 
in the White Mountain National Forest in New Hampshire. 


acs 


76. How much higher is the cave than the start of the trail? 


77. Determine the change in elevation from each point to the next in the diagram. 


78. You hike along the trail, visit a cave, and then climb Oak Ridge. From there, 
White Mountain National you reach a trail junction and continue to the top of Mt. Parker. Find the total 
Forest, NH of these changes to determine your overall change in elevation. 


2.3 Subtraction of Real Numbers 


ESET CONNECTION In Exercises 79 and 80, use the diagram, which shows 
the journey of a water molecule from left to right. 


<4 


The . (sea level) 


Not drawn to scale 


79. Find the change in elevation from each point to the next point. 


80. Write an expression using addition and subtraction that models the journey 


of the water molecule. Then evaluate the expression. 
EBD?r 
Test 81. MIULTI-STEP PROBLEM Use the bar graph, which shows the number of 
Preparation visitors to Nez Perce National Historical Park during 1997. 


Visitors to Nez Perce National Historical Park 


™~ 
(= 


Visitors (thousands) 


36 
33 a 
27 
x 24 
14 (ants ; Fg ft i ua 15 
[ I 4 a a i | | i j i 4 
[ae 


Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. 
Month 


KeRNED 
te] DATA UPDATE of National Park Service data at www.mcdougallittell.com 


a. Find the change in the number of visitors from each month to the next 
month. Organize your results in a table. 


b. What does a negative value for a monthly change represent? What does 
a positive value represent? 


Cc. Writing Write a paragraph describing the pattern of visitors to 
Nez Perce National Historical Park during the year. Use mathematically 
descriptive words like most, least, increase, and decrease. 


* Challenge LOGICAL REASONING Decide whether the statement is true or false. Use 
the subtraction rule or a number line to support your answer. 


82. If you subtract a negative number from a positive number, the result is always 
a positive number. 


83. If you subtract a positive number from a negative number, the result is always 
www.mcdougallittell.com a negative number. 
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MIxeD REVIEW 


EVALUATING NUMERIC EXPRESSIONS Evaluate the expression. (Review 1.3) 
84. 89 —8+5—27 a5. - 5-445 86. 12°9 +6 — 13.5 
87.17+ 100+ 25-5 98.5-3-S451+3 89.13+11-7-6 +3 
90. 25 — Enc +5) — 2| 91. (27+9)+(7—5) 92. [(12-9) + 6] — 13.5 


® Sports In Exercises 93 and 94, use the Fimietbanl cei rae 


table, which shows the number of male and (millions) 

female participants in high school sports Y 

for three years. Based on the table, decide Le ee | ee 
whether the statement is true or false. 1994-95 

(Revue) 1995-96 | 3.63 | 2.37 | 


93. There were more than six million total 1996-97 
participants during 1994-1995. 


. . > Source: National Federation of 
94. During the three-year period, female State High School Associations 


participation grew more than male participation. 


95. % PROFIT AND Loss A landscaping company had a loss of $5,126.55 in 
March. It then had a profit of $2,943.21 in April, a profit of $4,988.97 in 
May, and a loss of $1,807.81 in June. Did the company make a profit during 
the four-month period? Explain. (Review 2.2 for 2.4) 


Self-Test for Lessons 2.1-2.3 


Write the numbers in increasing order. (Lesson 2.1) 


1. 5.31, 5.04, —5.32, —6.2,6.3,5.3. 2. —1.07, 1.06, 1.16, —1.6, 0.18, —0.28 


3.7.3, -7.5, 1%, —Ty, 15, 73 4. —62, 6.42, 8, -6.3, -2, 6.05 
Evaluate the expression. (Lesson 2.1) 

5. | 3.76| 6. |—75| 7. —|345| 

8. |—27.5| 9.14 — |-7| 10. |—75| — 7.6 


Evaluate the expression. (Lessons 2.2 and 2.3) 
11. —11 + 35 12. 29 — 501 13, —17 = 14) 
14, =8 + 12> (3) 16332. = (-27)=0 16, 35 =0 = €19) 
7212+ C12y4+ C7) 418: —143— 60) —8 19. 14.1 + (—75.2) + 60.7 


20. % POOL DEPTH The water in a pool is 47.3 inches deep on Monday. On 
Tuesday, 2.1 inches of depth is splashed out. On Wednesday, the depth 
decreases 11.3 inches due to a leak. On Thursday night, the leak is fixed and 
12.9 inches of depth is added overnight. Write and evaluate an expression to 
find the depth of the water in the pool on Friday morning. (Lesson 2.3) 


2.3 Subtraction of Real Numbers 


Adding and 
Subtracting Matrices 


GVO) orcanizine Data in A Matrix 


A matrix is a rectangular arrangement of numbers into horizontal rows and 


Whaty ou should learn vertical columns. Each number in the matrix is called an entry or an element. 
Organize data in (The plural of matrix is matrices.) 
a matrix. ohne 
GOAL 2) Add and subtract 3 1 * 0 8 
two matrices. row | 2 4 =) 
3 


ae 6 
The entry in the second row 
and third column is 4. 


Why you should learn it amy 


To organize data, such as 
the number of male and 


female members of the The size of a matrix is described as follows. 
United States Congress in 
(the number of rows) X (the number of columns) 


Example 3. Lin 
The matrix above is a3 X 4 (read “3 by 4”) matrix, because it has three rows 
> 2 , and four columns. Think of a matrix as a type of table that can be used to 
Pe organize data. 


Two matrices are equal if the entries in corresponding positions are equal. 
ee eee” 4 7),[7 -4 
2 0 0.5 0 0 -1 0 -I 


EXAMPLE 1 } Writing a Matrix 


Write a matrix to organize the following information about your CD collection. 
Country: 4 groups, 6 solo artists, 0 collections 
Rock: 8 groups, 3 solo artists, 3 collections 


Blues: | group, 5 solo artists, 2 collections 


SOLUTION 
Country, Rock, and Blues can be labels for the rows or for the columns. 


AS ROW LABELS: AS COLUMN LABELS: 
Solo 
Group artist Collection Country Rock Blues 
Country | 4 6 0 Group | 4 8 1 
Rock | 8 3 3 Solo artist | 6 3 5 
Blues | 1 5 P) Collection | 0 3] 2 
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@QN® avoine anv SustRactinG Matrices 


To add or subtract matrices, you add or subtract corresponding entries. Each 
matrix must have the same number of rows and columns. For instance, you 
cannot add a matrix that has three rows to a matrix that has only two rows. 


_ =e P EXAMPLE 2] Adding and Subtracting Matrices 


ANE? 
3 HOMEWORK HELP 
Visit our Web site 4 2 1 0 4+1 2+0 
ee aaa a.| 0 -—3/+]2 -1]/=] 0+2 -3+(-1) 
or extra examples. 5 1 é <d ai dig 1+ (-4) 
5 2 
=|}2 —-4 
I --3 


EXAMPLE 3 ] Political Composition of U.S. Congress 


CONGRESS The United States Congress is composed of the House of 
Representatives and the Senate. The matrices below show the number of men 
and women in the Senate and the House at the 1999 start of the 106th Congress. 
Write and label a single matrix that shows the number of men and women in 
Congress in 1999, io) DATA UPDATE of United States Congress data at www.mcdougallittell.com 


Senet HOUSE SENATE 
PEOPLE Men Women Men Women 

Democrat | 172 39 Democrat | 39 6 

Republican | 206 17 Republican | 52 3 

Other 1 0 Other 0 0 


SOLUTION Add the two matrices. Then label the result. 


172 39 39 6 211 45 
206 17) + 452 3] = 4] 258 20 
1 O 0 O 1 O 
= > The result can be written as follows. CONGRESS 
ge MARGARET Men Women 
a cHase SMITH Democrat [211 45 
was the first woman to Republican | 258 20 


serve in Congress in both 
the Senate and the House. 


Other 1 0 


2.4 Adding and Subtracting Matrices 


ORGANIZING DATA As you learned in Example 1, matrices are a useful way 
to organize and keep track of data. For example, if you have a business, it is 
important to keep track of revenue (or income) and expenses (or costs). You can 
find out how much profit has been made by subtracting expenses from revenue. 
If the profit is a negative number, you lost money. 


ay GLI) Finding a Profit Matrix 
siness 


You own two stores that sell household appliances. The matrices below show 
revenue and expenses for three months at each store. 


REVENUE ($) EXPENSES ($) 
Store 1 Store 2 Store 1 Store 2 
January | 78,432 109,345 January |59,426 98,459 
February | 82,529 120,429 February | 64,372 104,972 
March |} 94,311 118,782 March | 85,456 120,833 


a. Write a matrix that shows the monthly profit for each store. 
b. Which store had higher overall profits during the three-month period? 


c. Which store lost money? In which month? 


SOLUTION 


Profit is the difference of revenue and expenses. 


a. To find the profit matrix, you can subtract the expenses matrix from the 
revenue matrix. 


78,432 109,345 59,426 98,459 19,006 10,886 
82,529 120,429 | — | 64,372 104,972] =| 18,157 15,457 
94,311 118,782 85,456 120,833 8,855 —2,051 


> Label the matrix to identify the monthly profit at each store. 
PROFIT ($) 
Store 1 Store 2 


January | 19,006 10,886 
February | 18,157 15,457 
March 8,855 —2,051 


b. Add the entries in each column of the profit matrix to find the total profit 
for each store during the three-month period. 


Store 1: 19,006 + 18,157 + 8,855 = $46,018 
Store 2: 10,886 + 15,457 + (—2,051) = $24,292 


> Store | had higher overall profits. 


c. Store 2 had a negative profit of —2,051 in March. This means the store lost 
$2,051 during March. 
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GUIDED PRACTICE 


Vocabulary Check J 1. How many rows are there in the matrix ey 3 
at the right? How many columns? | 


Concept Check J 2. Is the matrix at the right a3 x 2 
matrix or a2 X 3 matrix? 


3. % CONGRESS Use the matrix showing Democrat Republican 
the number of Democratic and Republican AR 2 2 
members of the House of Representatives DE 1 0 
from Arkansas, Delaware, and North ND 0) 1 


Dakota. What is the entry in the first row 
and second column? What does the 
number represent? 


Skill Check J 4. “ VIDEO RENTALS Write a matrix to organize the information about 
a video store’s movies. Label each row and column. 


Comedy: 25 new releases, 215 regular selections 
Drama: 30 new releases, 350 regular selections 
Horror: 26 new releases, 180 regular selections 
Find the sum and the difference of the matrices. 
—3 0 2 —-4 
5. |—6 4}/,] 1 —-3 6 le 
1 —4]{-1 9 


PRACTICE anp APPLICATIONS 


COCO O EEC E TEESE SESE SESE EE EE ESE TEESE SESE SEES EEE SESE EEE ESSE EEE EEE EEE EEEE SESE SESE ES EE SESE SE EEEEEEEEE ESSE EEE ESESESESESEEEEEEEEE 


ae MATRIX OPERATIONS Tell whether the matrices can be added. 

Extra Practice 5 4 —-1 2 =2 8 3-2 0 —-4 5 
to help you master "17 5/1 5 —-6 "| —4 1 —8y] {10 5 
skills is on p. 798. 


ale 3([6 4 73 ole 2 =8hl-e =o 4 
‘ley cg hl? =e 4 ‘14 -1 2}|-6 0 4 


ADDING MATRICES Find the sum of the matrices. 


3. =2 4 -3 4 -| a 

[3 ]+[_3 = 2.|_§ “3|+| : =| 
[pseenenerens i 2 2 a 4 16 98], [28 SA 98 
HOMEWORK HELP 13.| j 4 a\+[e 1 2 ore Hi lee 4.2 ac 


Example 1: Exs. 23, 24 


ee 2 = on 62 -12 i5 92 2 9 -3] [-2 -6 4 

xample 3: Exs. 25, = = aa _ 

Example 4: Exe, 25,26 15.|-25 -44|/+]66 -22| 16] 1 8 -2/+|-1 -2 5 
34 —58 57-71 -3 -1 -7 2 0 8 


2.4 Adding and Subtracting Matrices 


FOCUS ON 
CAREERS 


9 KENNEL OWNERS 

provide care for pets 
in the absence of the pets’ 
owners. Kennels provide 
daily care, food, grooming, 
and veterinary services. 


Pm IE; 
“CAREER LINK 
www.mcdougallittell.com 


SUBTRACTING MATRICES Find the difference of the matrices. 


w[£ ]-[ 2 7] [2 -10|- [79 3 


-4 1) [-6 3 
19.| 0 -13/-|-5 8 20. ee : “ai-[-3 5 ei 
% =8 2. = 


IMENTAL MATH Use mental math to find a, b, c, and d. 

3a Sb| = |-12 —5 4a b+3]_ | 8 -I 
a) a ‘\=| 1 °3| 22. | ¢ ales =| 
WRITING A MATRIX Write and label a matrix to organize the information. 


23. Music Store Inventory: 


CDs: 52 sale price titles, 3300 regular price titles 
Tapes: 28 sale price titles, 1600 regular price titles 


24. Team Uniform Order: 


Shirts: 3 small, 7 medium, 10 large, 5 extra large 
Shorts: 7 small, 4 medium, 2 large, 2 extra large 


% DOG KENNEL The owner of a kennel keeps records of all the dogs she 
cares for each year. In Exercises 25 and 26, use the matrices below, which 
show her records for 3 breeds of dogs cared for in 1999 and 2000. 


1999 
Male Female 
Beagle | 36 28 
Dalmatian | 24 26 
Bulldog | 51 32 


2000 
Male Female 
Beagle | 40 31 
Dalmatian | 26 20 
Bulldog | 46 34 


25. Find the sum of the two matrices. 


26. Writing Explain what the data represent in the matrix you wrote 
in Exercise 25. 


®% WAGEs AND RAISES In Exercises 27 and 28, use the matrix, which 
shows employees’ hourly wage rates at a grocery store. The wage rates 
depend on the job and the number of years of experience. 


WAGE RATES 
O-l year 2-3 years 4+ years 
Service Clerk | 5.50 6.50 7.00 
Cashier | 6.50 8.00 9.50 
Deli Clerk | 7.50 8.75 11.00 


27. The store is giving $.20 raises to all services clerks, $.35 raises to all 
cashiers, and $.45 raises to all deli clerks. Write a matrix that you can add 
to the matrix above to find the new wage rates after raises are given. 


28. Write a matrix that shows the new wage rates after raises are given. 
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Test 3 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


COCR OR OHHH EE HEHE EE EEE EEe 


29. MULTI-STEP PROBLEM Use the table, which shows the monthly average 
high and low temperatures in degrees Fahrenheit in three cities. 


> Source: National Climatic Data Center 


a. Write a matrix for the average high temperatures in each city during May, 
June, and July. 


b. Write a matrix for the average low temperatures in each city during May, 
June, and July. 


c. CRITICAL THINKING Explain how to find the difference of average 
temperatures in each city during May, June, and July. Use the matrices 
you wrote in parts (a) and (b). Then write a matrix for the difference of 
average temperatures in each city during May, June, and July. 


PROPERTIES OF MATRIX ADDITION In Exercises 30 and 31, recall the 
properties of addition you learned on page 73. 


a. 9 2 8 2 8 > —9 
30. a. Does | —4 1}+) 1 9}=] 1 9)}+ 1-4 1 |? Explain. 
=] 4 =3:. = =o =I = 4 


b. Does the commutative property apply when adding matrices? 


31. Does the associative property apply when adding matrices? Give an example 
to support your answer. 


SECO EERE EEE OREO EEE EEE EE EEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


EXPONENTIAL FORM Write the expression in exponential form. (Review 1.2) 


32. 2y*2y*2y 33. five squared 34. four to the sixth power 
35. x°xeyryery 36. two to the xth power 7.2.3 (f20* 92) 
FINDING ABSOLUTE VALUES Evaluate the expression. (Review 2.1) 

38. |—82| 39. —|43.7| 40. —|—4.5] 

41. |—29|+7 42. -|13 — 12.1| 43. 14+ |-11| — 10 


RULES OF ADDITION Find the sum. (Review 2.2 for 2.5) 

44. —19 + (—6) 45. —12 + (-9) 46. —3 + 0 + (29) 
47.0 + (-5) +2 48.3 + (-6)+(-2) 49. —5 + (-6) + (-3) 
50.-7+(-8)+(-9) 51.-1+(-1I +1) 52.-44+ (-4) + 4) 


2.4 Adding and Subtracting Matrices 


ACTIVITY 2.4 


Using Technology 


> EXAMPLE 


Graphing Calculator Activity for use with Lesson 2.4 


Adding and Subtracting Matrices 


= @ =o) all 


Use a graphing calculator to find the sum and difference of }-8 4]and} 4 OJ]. 


> SOLUTION 


@ Follow your calculator’s 
procedures to name the 
first matrix [A]. 


NAMES MATH [Dea 


NE. 
Le 3 KEYSTROKE 
ie] HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


© Name the second matrix [B]. 
Enter the size of the matrix 
and the entries. 


MATRIX CBJ] 3X2 
B= = 

[4 0 

C1 Bd 


3,2=-7 


= 8) = 
> The sum is | —4 
2 =2 


> EXERCISES 


ies) 7) 


(2) Enter the size of the matrix, 
and then enter each entry in 
the appropriate position. 


MATRIX LA] 3X2 
E=5 

[-8 4 J) 
C1 5] J 


“3,2 = 5" means 5is 
the entry in the 3rd 
row, 2nd column. 


3,2=5 


@ Enter [A] + [B] to find the 
sum, and [A] — [B] to find 
the difference. 


CAIJ+CBI 


CAIJ-CBI 


= Il 


4 | and the difference is | —12 Al ||. 


Use a graphing calculator to find the sum and difference of the matrices. 


Ls Oa! 
(lel) oe 8h ell 0 
9 8 1 6 
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2 2 1) oll 10 45 —62 
tate On 16) OSma 28 


AAs 5h ol7s||a| =53 918 iil 
4.| 76 ©3 25|,|| 29 =27 cz 
=) =G0 4h 2) =3D =2z8 


Multiplication of Real Numbers 


fara @QVO muctievyine Rear Numeers 
What you s OULO Learn 


Multiply real Remember that multiplication can be modeled as repeated addition. For example, 
numbers using properties 3(—2) = (-2) + (-2) + (-2) = —6. The product of a positive number and a 


of multiplication. 


Multiply real 


numbers to solve real-life 

problems like finding how see 
much money is owed ona 

loan in Exs. 64 and 65. 


negative number is a negative number. 


© ACTIVITY 


Developin rats era ee 
Chicepls Investigating Multiplication Patterns 


Mi v you should learn it Identify and extend the patterns to complete the lists. What generalizations 


can you make about the sign of a product of real numbers? 
To solve real-life problems 


AR SUrREne Revel iUchneney FACTOR OF -3 FACTOR OF -2 FACTOR OF -1 

a grocery store loses in (3)(—3) = -9 (3)(—2) = -6 (3)(—1) = -3 

noeee (2)(-3) = -6 (2)(-2) = -4 (2)(-1) = 2 
(Die as 2) 2 (CUS) = 
OGs 0 (0)(-2) = 0 (0)(-1) = 0 
Ae ee eGo GWG 
2ies = E262) —2 2) al) ae 


The results of the activity can be extended to determine the sign of a product of 
more than two factors. 


Saxe GEE Multiplying Real Numbers 
Study Tip 


* A productis negative a. (—3)(4)(—2) = (—12)(-2) = 24 Two negative factors; 
 ifithas an odd number 1 positive product 
of negative factors. b. (3) (—2)(—3) = (1)(-3) = -3 Three negative factors; 
¢ A product is positive if negative product 
ithas an even number Cc. (—1)4 =CDCIDCINCE1) = MCHC) Four negative factors; 


| of negative factors. (peat rimiliee predict 


In Example 1(c), be sure you understand that (—1)* is not the same as — 14. 


MULTIPLYING REAL NUMBERS 


The product of two real numbers with the same sign is the product of their 


absolute values. The product of two real numbers with different signs is 
the opposite of the product of their absolute values. 


2.5 Multiplication of Real Numbers 


Y EXAMPLE 2 } Products with Variable Factors 


a. (—2)(—x) = 2x Two negative signs 
b. 3(—n)(—n)(—n) = —3n? Three negative signs 
c. (—1)(—a)* = (-1)(—a)(—a) = —a? Three negative signs 


4 


d. —(y)4 = —(ytyty*ty) =—y One negative sign 


PROPERTIES OF MULTIPLICATION 


SUMMARY 


COMMUTATIVE PROPERTY The order in which two numbers are multiplied 
does not change the product. 


a-b=b:a Example: 3 - (—2) = (—2)°3 
ASSOCIATIVE PROPERTY The way you group three numbers when 
multiplying does not change the product. 

(ar b)-c=a-(b°c) Example: (—6° 2)°-3 = —6° (2-3) 
IDENTITY PROPERTY The product of a number and 1 is the number. 

l-a=a Example: (—4)-1= —4 
PROPERTY OF ZERO The product of a number and 0 is 0. 

a-0=0 Example: (—2) °0 = 0 


PROPERTY OF OPPOSITES The product of a number and —1 is the opposite 
of the number. 


(-1)-a=-a Example: (—1) ° (—3) = 3 


GEV Evaluating a Variable Expression 
GBNE> 
= HOMEWORK HELP 


Visit our Web site Evaluate the expression when x = —5. 
www.mcdougallittell.com 
for extra examples. a. —4(—1)(-x) b. (—9.7 + x)(—2) 


SOLUTION You can simplify the expression first, or substitute for x first. 


a. —4(—1)(—x) = —4x Simplify expression first. 
= —4(-5) Substitute —5 for x. 


= 20 Product of two negatives 
b. (—9.7 » x)(—2) = [—9.7 + (—5)] » (—2) Substitute —5 for x first. 
= —9.7° [-5° (—2)] Use associative property. 
= —9,7°10 —5+(—2) = 10 
= —97.0 Simplify. 
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FOCUS ON 
APPLICATIONS 


FLYING 
SQUIRRELS 

can't really fly as birds do. 
But they can glide through 
the air by using “gliding 
membranes,” flaps of loose 
skin that extend from wrist 
to ankle. 


ly 
1g 
Gro ores 


PGOAL 2) USING MULTIPLICATION IN REAL LIFE 


Displacement is the change in the position of an object. Unlike distance, 
displacement can be positive, negative, or zero. 


GIVE) Application of Products of Negatives 


FLYING SQUIRRELS A flying squirrel descends from a tree with a velocity of 
—6 feet per second. Find its vertical displacement in 3.5 seconds. 


SOLUTION 
VERBAL Vertical ; ; 
MODEL Higgkeoney im | Velocity | + | Time 
+ ee 
LABELS Vertical displacement = d (feet) 
Velocity = —6 (feet per second) 
| Time = 3.5 (seconds) 
ALGEBRAIC d = -6°3.5 
MobDEL 
= -—21 


> The negative displacement indicates downward motion. The squirrel traveled a 
vertical displacement of —21 feet or 21 feet downward. 


UNIT ANALYSIS: Check that feer are the units of the solution. 


feet 


;° Seconds = feet 


GED Application of Products of Negatives 


—) A grocery store sells pint baskets of strawberries as loss leaders, which 
== means the store is willing to lose money selling them. The store hopes to 
make up the loss with additional sales to customers attracted to the store. The 
store loses $.17 per pint. How much will the store lose if it sells 3450 pints? 


SOLUTION 


Use a calculator. Multiply the number of pints sold by the loss per pint to find 
the total loss. 


3450 me 17 | = | -586.50 
> The store loses $586.50 on strawberry sales. 
UNIT ANALYSIS: Check that dollars are the units of the solution. 


3 dollars 
-——_— = doll 
pints ollars 


2.5 Multiplication of Real Numbers 


GUIDED PRACTICE 


Vocabulary Check J 1. Multiplying —12 by —97 produces the same result as multiplying —97 
by —12. What property is this? 


Concept Check J 2. Is the product of an odd number of factors always a negative number? 
3. Is the product of an even number of factors always a positive number? 
4. ERROR ANALYSIS Describe the 
error shown at the right. (= g Zz ive Tactors 
Simptity. 
Skill Check Y Find the product. 
5. 8+ (—1) 6. —3°0 7 =a*(-7) 8. —7+(—5) 
9. —12+(—6) 10. —30°8 11. —5*2*(-7) 12. —(-1) 
Evaluate the expression. 
13. 2(—6)(—x) when x = 4 14. 5(x — 4) when x = —3 


15. % HAWKS A hawk dives from a tree with a velocity of —10 feet per 
second. Find the vertical displacement in 4.7 seconds. 


PRACTICE anp APPLICATIONS 


COREE OEE EEE EEE EE EEE EEE EEE EEE EEE SEES EEE EEEE EEE ESSE EEE EEEEEE EEE EEE EE EEEEEEEEEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEE 


Resreereernns PRODUCTS Find the product. 
Extra Practice 16. (—8)(3) 17. (4)(—4) 18. (20)(—65) 19. (—1)(—5) 


to help you master 


skills is on p. 798. 20. (-7)(-1.2) 21. -11)(5) 22. (-15(3) 23. |(—12)(2)| 
24. (—3)(—1)(—6) 25. (13)(—2)(—3) 26. (5)(—2)(7) 
27. -4-7)(3) 28. (—3)(-1)(4)(-6) 29. (—13)(—2)( 2)( 2. 
SIMPLIFYING EXPRESSIONS Simplify the variable expression. 
30. (—3)(—y) 31. (7)(—x) 32. 5(—a)(—a)(—a) 
33. (—4)(—x)(x)(—x) 34. —(—b)? 35. —(—4)*(y) 
36. |(83)-d-D-2D|_ ~—-37. -(y*)Q) 38. (—b°)(—b°*)(—b*) 


2(_ 3 


_ 39. —F(-2x) 40. $(-2x) 41. —3(—w?)(7W) 
HOMEWORK HELP 


EVALUATING EXPRESSIONS Evaluate the expression. 
Example 1: Exs. 16-29 


Example 2: Exs. 30-41 42. —8x when x = 6 43. y> — 4 when y = —2 

Example 3: Exs. 42-49 > > 

Example 4: Exs. 61-65 44. 3x° — 5x when x = —2 45. 4a + a~ whena = —7 

a 46. —4(|y — 12|) when y =5 47. —2(|x —5|) when x = —5 
48. —2x? + 3x — 7 whenx =4 49. 9r> — (—2r) when r = 2 
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[, Look Back 


For help with 
counterexamples, 
see p. 66. 


FOCUS ON 
APPLICATIONS 


Ly yy IRELAND More 


people of Irish 
descent live in New England 
(4 million) than in Ireland 
(3.5 million)! 


> Source: Irish Tourist Board 


™) EVALUATING EXPRESSIONS Use a calculator to evaluate the 
Ey expression. Round your answer to two decimal places. 


50. (—7.39)(4.41)(—2.9) 51. (4.67)(—8.01)(1.89) 

52. (3.6)(—2.67)*(—9.41) 53. (—6.3)°(9.5)(4.8) 

54. x? — 8.29 when x = —2.47 55. 8.3 + y° when y = —4.6 
56. 4.7b — (—b?) when b = 1.99 57. x° + x — 27.2 when x = —7 


COUNTEREXAMBPLES Decide whether the statement is true or false. 
If it is false, give a counterexample. 


58. (a) *(-b) = b)* a) 
59. The product (—a) + (—1) is always positive. 


60. If a > b, then for any real number c,a*c >b*c. 


% LOSS LEADERS To promote sales, a grocery store advertises bananas 
for $.25 per pound. The store loses $.11 on each pound of bananas it sells. 


61. Write a verbal model that you can use to find the amount of money that 
the store loses depending on the number of pounds of bananas it sells. 


62. The store sells 2956 pounds of bananas. How much money does the store 
lose on banana sales? 


63. The store also advertises apple juice for $1.19 per 64-ounce bottle, and loses 
$.08 per bottle sold. Use a verbal model to find how much the store loses on 
sales of 3107 bottles of apple juice. 


® PayING BACK A LOAN Your aunt lends you $175 to buy a guitar. She 
will decrease the amount you owe by $25 for each day you help her by 
doing odd jobs. 


64. Write a verbal model that you can use to find the decrease in the amount 
you owe your aunt depending on the number of days you help her out. 


65. What is the change in the amount you owe your aunt after helping her out 
for 5 days? How much do you still owe her? 


® VACATION TRAVEL You and your family take a summer vacation 
to Ireland. You discover that the number of Americans visiting Ireland 
is increasing by 80,000 visitors per year. Let x represent the number 
of visitors in 1997. 


66. Write an expression for the number of visitors in 2000. 


67. If the number of visitors in 1997 was 700,000, how many visitors were 
expected in 2000? Use unit analysis to check your answer. 


EXTENSION: SCALAR MULTIPLICATION Multiply the matrix by the 
real number. 


cme. “a}-Lac} 81-8 


_e|-4 -7 =| & =e 3 _e| 2k Oy 
68. s| 3 3| 69. 7|_§ 72 2 70. sy| 7p a 


2.5 Multiplication of Real Numbers 


Test 3} 


Preparation 


* Challenge 


MIxeD REVIEW 


71, COMPARING METHODS As parts (a) and (b) of Example 3 show, it 
is sometimes easier to evaluate an expression by simplifying it before 
substituting, and sometimes easier if you substitute for the variable first. 


a. Write an expression that is easier to evaluate if you simplify before 
substituting 12 for x. 


b. Write an expression that is easier to evaluate if you substitute 12 for x first. 
72. MULTIPLE CHOICE Which of the following statements is not true? 
>) The product of any number and zero is zero. 


The order in which two numbers are multiplied does not change the 
product. 


C& The product of any number and —1 is a negative number. 
(> The product of any number and —1 is the opposite of the number. 
73. MULTIPLE CHOICE Which of the following has the least value? 


@ [36 6) +4] +( 12) BH) 3-8-6 +5°(-12) 


© -3+8-6+5-12 ® 3+(8 6+ 5) *( 12) 
GROUPING SYMBOLS Evaluate the expression. 

3 ae eee) ee 1 
74, 3+[-7+(-4- 6) +30]- 11 ne Ge 33) “al | 5( 94 9) 


MENTAL NVIATH Write a question that can be represented by the equation. 
Then use mental math to solve the equation. (Review 1.4) 


76.x+4=9 77.y—7=3 78. 6x = 18 
79.5=4 80.2x+1=7 81. x2 = 121 


GRAPHING NUMBERS Graph the numbers on a number line. Then write 
two inequalities that compare the two numbers. (Review 2.1) 


82. 6 and —3 83. —4 and 9 84. -+ and ; 


85. —3.8 and —4.0 86. —2.8 and 0.5 87. —4.1 and —4.02 


FINDING TERMS Find the terms of the expression. (Review 2.3 for 2.6) 


88. 12 —z s9.-—1+5 90. 4w — 11 
91. 31 — 15n 92. —7 + 4x 93. m — 2n — f° 
94. c* — 3c —4 95. y + 6 — 8x 96. —9a* + 4 - 203 


97. 4 FEDERAL BUDGET In 1997 the federal government reported a budget 
deficit of $21.9 billion. In 1998 the deficit was $10 billion. What was the 
change in the deficit? > Source: U.S. Office of Management and Budget (Review 2.3) 
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© ACTIVITY 2.6 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
algebra tiles 


= Group Activity for use with Lesson 2.6 
Modeling the = 
Distributive Property 


> QUESTION How can you model equivalent expressions using 
algebra tiles? 


> EXPLORING THE CONCEPT 


You can use algebra tiles to model algebraic expressions. 


1 Hite :  xtile 
1 


Ki 
This 1-by-1 square tile This 1-by-x rectangular 
has an area of tile has an area 
1 square unit. of x square units. 
@ Model 3(x + 4). ® Model 3x + 12. 


The models show that 3(x + 4) = 3(x) + 3(4) = 3x + 12. So 3(x + 4) 
and 3x + 12 are equivalent. This is an example of the distributive property. 


> DRAWING CONCLUSIONS 


1. Use the algebra tiles shown below. Write the expression shown by the tiles 
in two ways. 


Each equation illustrates the distributive 
property. Use algebra tiles to model the 
equation. Draw a sketch of your models. 


20°67 6) — 20 12) 24 2) — 4 8 
4 4G - 4) =45 -— 16 5.3 +5) = 3x + 15 


ERROR ANALYSIS In Exercises 6 and 7, tell 
whether the equation is true or false. If false, 
explain the error and correct the right-hand 
side of the equation. 


G4 6) 4a 6 et 3G 5) aa 


8. Writing Use your own words to explain 
the distributive property. Then use a, b, and c 
to represent the distributive property 
algebraically. 


2.6 Concept Activity 


The Distributive Property 


GV) usine tne Distrieutive PROPERTY 


W hat you should learn ORR R ERE Ree EERE EERE EEE ESHER EEE E EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE HEHEHE EEEEEE EES 


Use the distributive — [o> multiply 3(68) mentally, you could think of 3(68) as 


property. 3(60 + 8) = 3(60) + 3(8) = 180 + 24 = 204. 
Simplify expres- This is an example of the distributive property. 


sions by combining like terms. 
The distributive property is a very important algebraic property. Before discussing 


Why you should learnit _ the property, study an example that suggests why the property is true. 


V To solve real-life problems 
such as finding how much 


you can spend on jeans in EXAMPLE 1 } Using an Area Model 


Exs. 70 and 71. 
Ban 


Find the area of a rectangle whose width is 3 and whose length is x + 2. 


SOLUTION 
You can find the area in two ways. 


Area of One Rectangle Area of Two Rectangles 
maa | [ 
; x+2 ~ x 2 

Area = 3(x + 2) Area = 3(x) + 3(2) 


> Because both ways produce the same area, the following statement is true. 
3(x + 2) = 3(x) + 3(2) 


Example | suggests the distributive property. In the equation above, the factor 
3 is distributed to each term of the sum (x + 2). There are four versions of the 
distributive property, as follows. 


THE DISTRIBUTIVE PROPERTY 


The product of a and (b + c): 
a(b + c)= ab+ ac Example: 5(x + 2) = 5x + 10 
(b+ cla=ba+ca Example: (x + 4)8 = 8x + 32 


The product of a and (b — c): 
a(b — c) = ab- ac Example: 4(x — 7) = 4x — 28 
(b — c)la= ba-— ca Example: (x — 5)9 = 9x — 45 
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i Study Tip 


In Example 2, the middle 
steps are usually done 
as mental math, without 
writing out the steps. 
For instance, part (a) 
can be written as 

2(x + 5) = 2x + 10. 


EXAMPLE 2 ] Using the Distributive Property 


a. fi = 2(x) + 2(5) = 2x + 10 


b. LaX = (x)x — (4)x = x? — 4x 


c. (1 + 2x)8 = (1)8 + (20)8 = 8 + 16x 
afi) = y(1) — yy) =y—y? 


Study the next problems carefully. Remember that a factor with a negative sign 
must multiply each term of an expression. Forgetting to distribute the negative 
sign to each term is a common error. 


T EXAMPLE 3 | Using the Distributive Property 


a. —3(x + 4) = —3(x) + -3)(4) Distribute the —3. 
=—3x — 12 Simplify. 
b. (y + 5)(—4) = (y)(-4) + (5)(-4) Distribute the —4. 
= —4y — 20 Simplify. 
c. —(6 — 3x) = (-1)(6 — 3x) -a=-l-a 
= (-1)(6) — (-1)x) Distribute the —1. 
= —6+ 3x Simplify. 
d. (x — 1)(—9x) = (x)(—9x) — (1)(—9x) Distribute the —9x. 
= —9x7 + Ox Simplify. 


PEXAMPLE 4) Mental Math Calculations 


You are shopping for compact discs. You want to buy six compact discs for 
$11.95 each. Use the distributive property to calculate the total cost mentally. 


SOLUTION 
If you think of $11.95 as $12.00 — $.05, the mental math is easier. 
6(11.95) = 6(12 — 0.05) Write 11.95 as a difference. 

= 6(12) — 6(0.05) Use the distributive property. 

= 72 — 0.30 Find the products mentally. 

= 71.70 Find the difference mentally. 


> The total cost of 6 compact discs at $11.95 each is $71.70. 


2.6 The Distributive Property fia 


PGOAL 2) SIMPLIFYING BY COMBINING LIKE TERMS 


In a term that is the product of a number and a variable, the number is the 
coefficient of the variable. 
—x + 3y? 


—1 is the coefficient of wal L 3 is the coefficient of y’. 


Like terms are terms in an expression that have the same variable raised to the 
same power. In the expression below, 5x and —3vx are like terms, but 5x and —x? 
are not like terms. The constant terms —4 and 2 are also like terms. 


x? + 5x + (—4) + (—3x) +2 


The distributive property allows you to combine like terms that have variables by 
adding coefficients. An expression is simplified if it has no grouping symbols 
and if all the like terms have been combined. 


EXAMPLE 5 } Simplifying by Combining Like Terms 


a. 8x + 3x = (8 + 3)x Use the distributive property. 


= 11x Add coefficients. 


b. 4x7 + 2 — x? = 4x? — x7 +2 Group like terms. 


= 3x7 +2 Combine like terms. 

ce. 3 — 2144+ x) =3 + (-2)(44+ x) Rewrite as an addition expression. 
=3+([C2)(4) + (-2)@)] Distribute the —2. 
= 3+ (—8) + (—2x) Multiply. 


= —5 + (-2x) = -—5 — 2x Combine like terms and simplify. 


AB onis T EXAMPLE 6 | Using the Distributive Property to Simplify a Function 


GETTING TO SCHOOL It takes you 45 minutes to get to school. You spend t¢ 
minutes walking to the bus stop, and the rest of the time riding the bus. You walk 
0.06 mi/min and the bus travels 0.5 mi/min. The total distance you travel is given 
by the function D = 0.06r + 0.5(45 — 1). Simplify this function. 


SOLUTION 
D = 0.06t + 0.5(45 — 1) Write original function. 


: = 0.06t + 22.5 — 0.5t Use the distributive property. 
ws 


Pie * BUSES Some cities a . 

Ss ireriesaliniiaee = 0.06r — 0.5t¢ + 22.5 Group like terms. 

to students who use public = —0.44t + 22.5 Combine like terms. 

transportation to get to 

school. > The total distance you travel can be given by D = —0.44t + 22.5. 
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GUIDED PRACTICE 


SCOPES EEHE TEE E HEHE EEEEHE TELE HEHE EE EEEO OTE E ESET EE SOESETEEESOEO EEE EEESETEEEOEE OEE HEEEHETEEESOEEEEEEEHDELEEESEOLEECE EE EEES 


Vocabulary Check / 


Concept Check / 


Skill Check Y 


1. In the expression 4x” — 7y — 8, what is the coefficient of the x?-term? What 


is the coefficient of 


2. What are the like terms in the expression 


the y-term? 


6 — 3x7 +3y+7 


Ay + 9x?? 


ERROR ANALYSIS Describe the error. Then simplify the expression correctly. 


Use the distributive property to rewrite the expression without 


parentheses. 
5. 5(w — 8) 


8. —4(u + 2) 


6. (y + 19)7 


9. (b- 6)(-2) 


7. (12 — x)y 


10. E(t — 2A) 


Use the distributive property and mental math to simplify the expression. 


11. 6(1.15) = 6(1 + 0.15) 


= ? 


= ? 


Simplify the expression by combining like terms if possible. 


13. 9x + 2 


16. 3x7 + 4x + 8 — 7x? 


PRACTICE anp APPLICATIONS 


SOOO E THEE TEESE HEHE EEEEE TEESE EEE EEE EEE EEE EEEEE EE EES ESSE SESE EE EEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEESEEEEEEEEEEEEEEEEEESESESS 


i Extra Practice 


to help you master 
skills is on p. 798. 


bs HOMEWORK HELP 


Example 1: Exs. 81, 82 
Example 2: Exs. 19-48 
Example 3: Exs. 19-48 
Example 4: Exs. 83-85 
Example 5: Exs. 49-69 
Example 6: Exs. 72-78 


14. 6x? — 4x? 


17. 8 = 27+-5¢=4 18. 


15. —3y 


6w — 12 


12. 9(1.95) = 9(2. — 2.) 


2X 


LOGICAL REASONING Decide whether the statement is true or false. If 
false, rewrite the right-hand side of the equation so the statement is true. 


19. 3(2 + 7) 2 3(2) +7 
21. 7(15 — 6) 2 7015) — 7(6) 


2/1_ 4\ » 2/1 
23. 25 5) 2 2(3) 


(5) 


20. (3 + 8)4 2 3(4) + 8(4) 
22. (9 — 2)13 2 9 — 2(13) 


24. —3.5(6,1 + 8.2) 2 =3,5(61) = 3.5(8,2) 


DISTRIBUTIVE PROPERTY Use the distributive property to rewrite the 
expression without parentheses. 


25. 3(x + 4) 26 
29. —(y — 9) 30 
33. x(x + 1) 34 
37. 2(3x — 1) 38 
41. 4x(x + 8) 42 


45. —9(—t — 3) 46 


. (w+ 6)4 27. 
. —3(r + 8) 31. 
. (3 —y)y 35. 
. (4 + 3y)5 39. 
. —20(12 — 2) 43. 


. (6 — 3w)(—w?) 47. 


5(y — 2) 28 
—A(t — 8) 32 
—r(r — 9) 36 
(2x — 4)(-—3) 40 
(3y — 2)5y 44 


1 2 
(3° 4 48 


.(7 —m)4 

. & + 6)(—2) 
~=s(7 + 3) 

. —9(a + 6) 

. —2x(x — 8) 


.-y(-y? + y) 


2.6 The Distributive Property ia 


FOCUS ON 
APPLICATIONS 


Je FREIGHT TRAINS 
Ss A 150-car freight 
train is so heavy that it takes 
1.5 miles to come to a 
complete stop if traveling 

50 miles per hour. 


N. 
L $53) HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 75-76. 


SIMPLIFYING EXPRESSIONS Simplify the expression by combining like terms. 


49. 15x + (—4x) 50. —12y + Sy 51. —8b — 9b 
52.5—x+2 53. -3+y+7 54.4+at+a 
55. 1.3¢ — 2.1 56. Sw + (3) 57. 107a — 208a 
58. 3x7 + 2x7 — 7 59. 9x° — 4x3 — 2 60. 8) + 5 — 3b 


COMBINING LIKE TERMS Apply the distributive property. Then simplify by 
combining like terms. 


61. (3y + 1)(—2) + y 62. 4(2 — a) —a 63. 12s + (7 — s)2 
64. (5 — 2x)(—x) + x* 65. 7x — 3x(x + 1) 66. —4(y + 2) — 6y 
67. 3¢(t — 5) + 61? 68, —x? + 2x(x — x?) 69. 4w* — w(2w — 3) 


% BUYING JEANS You have $58, and you want to buy a pair of jeans and 
a $20 T-shirt. There is a 6% sales tax. If x represents the cost of the jeans, 
then the following inequality is a model that shows how much you can 
spend on the jeans. 


x + 20 + 0.06(x + 20) < 58 
70. Simplify the left side of the inequality. 
71. If the jeans cost $35, can you buy both the T-shirt and the jeans? 


% FREIGHT TRAINS A train with 150 freight cars is used to haul two types 
of grain. Each freight car can haul 97.3 tons of barley or 114 tons of corn. 
Let n represent the number of freight cars containing corn. 


72. Which function correctly represents the total weight the train can haul? 
A. W = 97.3(150 — n) + 114n B. W = 97.3n + 114(150 — n) 
73. If 90 freight cars contain corn, what is the total weight the train is hauling? 


74. If 72 freight cars contain barley, what is the total weight the train is hauling? 


% INVESTING MONEY You receive $5000. You decide to invest the money 
in a one-year bond paying 2% interest and in a one-year certificate of 
deposit paying 6% interest. 


75. Let m represent the amount of money invested in the one-year bond. Write a 
function that represents the total amount of money T that you have after one 
year. Simplify the function. 


76. If you invest $2000 in the one-year bond, how much money do you have after 
one year? What if you invest $3000 in the one-year bond? 


% MOVING The van that you are using to move can hold 16 moving 
boxes. Each box can hold 60 pounds of books or 15 pounds of clothes. 


77. Let b represent the number of boxes filled with books. Write a function that 
represents the total weight w of the boxes in the van. 


78. Use the function you wrote in Exercise 77 to make an input-output table that 
shows the total weight of the boxes for each combination of boxes of books 
and clothes. 
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E Skills Review 


For help with perimeter 
and area, see p. 790. 


(0), 39:44 CONNECTION 
of the figure. 
79. x 80. 
x-7 x-7 
2x+3 


GEOMETRY 20); IN Write an expression modeling the area of the large 
rectangle as the product of its length and width. Then write another 
expression modeling this area as the sum of the areas of the two smaller 
rectangles. Simplify each expression. 


81. [ 82. 


—— aT : 


8% LEAVING A TIP In Exercises 83-85, use the following information. 
You and a friend decide to leave a 15% tip for restaurant service. You compute 
the tip, T, as T = 0.15C, where C represents the cost of the meal. Your friend 
claims that an easier way to mentally compute the tip is to calculate 10% of the 
cost of the meal plus one half of 10% of the cost of the meal. 


83. Write an equation that represents your friend’s method of computing the tip. 
84. Simplify the equation. What property did you use to simplify the equation? 
85. Will both methods give the same results? Explain. 


8 PLANTING PLAN In Exercises 86-89, use the sketch below. You are 
a farmer planting corn and soybeans in a rectangular field measuring 
200 yards by 300 yards. It costs $.06 per square yard to plant corn and 
$.05 per square yard to plant soybeans. 


86. Let x represent the width of the field 
you plant with corn. Write a function 
that represents the cost of planting the 
entire field. Simplify. 


87. If the width of the field you plant with 
corn is 75 yards, what is the cost of 
planting the entire field? 


88. If the width of the field you plant with 
soybeans is 125 yards, what is the cost 
of planting the entire field? 


89. You have $3400 to plant the entire 
field. Do you have enough money 
to plant a field of soybeans that is 200 yd 
90 yards wide? 


300 yd 


2.6 The Distributive Property 


90. Writing Write a problem like Exercise 81 that deals with the area of a 
rectangle. Explain how you can use the distributive property to model the 
total area of a rectangle as the sum of two rectangles. 


SaDr 
Test 8S 91. MIULTI-STEP PROBLEM A customer of your flower shop wants to send 
y P 
Prepa ration flowers to 23 people. Each person will receive an $11.99 “sunshine basket” 


or a $16.99 “meadow bouquet.” 


a. Let s represent the number of people who will receive a sunshine basket. 
Which function can you use to find C, the total cost of sending flowers to 
all 23 people, depending on how many of each arrangement is sent? 


ZB C = 16.99(23 — s) + 11.995 C = 11.99s + 16.99(23) 
b. If 8 people receive a sunshine basket, what is the total cost of the flowers? 


c. If 13 people receive a meadow bouquet, what is the total cost of the 
flowers? 


d. CRITICAL THINKING If your customer can spend only $300, what is the 
greatest number of people that can receive a meadow bouquet? 


* Challenge 92. LOGICAL REASONING You are tutoring a friend in algebra. After learning 
the distributive property, your friend attempts to apply this property to 
multiplication and gets 2(xy) = 2x ° 2y. 


Write a convincing argument to show your friend that this is incorrect. 


93. LOGICAL REASONING Your friend does not understand how the product 
of a and (b + c) is given by both ab + ac and ba + ca. 


Use the properties of multiplication to write a convincing argument to show 
www.mcdougallittell.com your friend that both statements are correct. 


MIxeD REVIEW 


RECIPROCALS Find the reciprocal. (Skills Review, p. 782) 


2 6 
94, = 95.75 96. 7 97. 1 
66 99. 435 100. 44 101. 3> 
121 : ed aes 
EXPRESSIONS WITH FRACTION BARS Evaluate the expression. (Review 1.3) 
10°8 67 — 12 15 — 5? 
102. 103. ———+ 104. —=—_—>_ 
4? +4 37 +15 11 + 3-4) 
3°7)+9 225) - 
a ie 107. 
34+5-3 37-2 33-9-7 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 2.2, 2.3) 
108. 6 — (—8) — 11 109.4-—8 —3 110. 6 + (—13) + (5) 
111.-7+9-8 112. 20 + (-16) + (—3) 113. 12.4 — 9.7 — (—6.1) 
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Qu IZ 2 Self-Test for Lessons 2.4-2.6 


POORER EEE EEE EEE EEE EEE H EEE EEEEE EEE EEE EEE E EEE EEE EEEE EEE EEE EEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEHESEEEEEEEEEOEEEEEEEEOEEESD 


1. Find the sum and difference of the matrices. 2 -6 3-7 
(Lesson 2.4) —5 5 


Find the product. (Lesson 2.5) 
2. (—7)(9) 3. (3)(—7) A. (-2)-7) 5. (35)(—80) 


6. (-15)(z) 7. (-1.8)(-6) 8. (11)(—5)(-2) 9. (-10)(—3)(9) 


Simplify the variable expression. (Lessons 2.5, 2.6) 


10. (—1)(—7.1) 11. (13)(—x) 12. (—5)(—b)(2b)(—b) 

13. (—4)( x9 3) 14. —28x + (—15x) 15. lly + (—9y) 

16. —17t + 9t 17. —3(8 — b) 18. (—4y — 2)(—5) 

19. S SKYSCRAPERS Building Height (ft) | Height (m) 
The heights (in feet and 
in meters) of the three Sears Tower 1454 
tallest buildings in the Empire State Building 1250 


United States are shown 
in the table. Organize the Aon Center 1136 
data in a matrix. (Lesson 2.4) > Source: Council on Tall Buildings and Urban Habitat 


ed APPLICATION LINK 


History of Negative Numbers www.medougallittell.com 


THEN THE 7TH CENTURY Hindu mathematician Brahmagupta 


explained operations with negative numbers. As late as the 
16th century, many mathematicians still considered the idea 
of a number with a value less than zero absurd. 


1. As early as 200 B.C., negative numbers were used in China. 
About how many years was it between the time the Chinese 
displayed a concept of negative numbers and when they were 
used in 628 A.D. in India? 


Hindu math manuscript 


ro 
200B.c. 0 628 A.D. 


TODAY, negative numbers are used in many ways, including financial statements, 
altitude measurements, temperature readings, golf scores, and atomic charges. 


:- The Chinese used red rods for 
: positive quantities and black 
: rods for negative quantities. 


:* Algebraic use of the negative 
? number became widespread. 


=—/ 


iA digital thermometer 
shows a negative value. 


2.6 The Distributive Property a 


: Brahmagupta used 
negative numbers. 


What. you should learn 
G2 Divide real 


numbers. 


c\4e Use division to 
simplify algebraic 
expressions. 


Why you should learn it 


V To solve real-life 
problems like finding the 
average velocity of a 


model rocket in 
Exs. 68-70. 
Bin 
BB 


Division of Real Numbers 
GVO divine Peat Numeers 


For every real number other than zero there exists a number called its reciprocal. 


The product of a number and its reciprocal is 1. For instance, the product of the 


number —3 and its reciprocal -4 is 1. This property is sometimes referred to as 


the inverse property of multiplication. 


¢ The reciprocal of a is 1. (a #0) Example: —8 and -; 


© The reciprocal of “ is 2. (a #0,b #0) Example: ond 
P ba 5 1 


Zero is the only real number that has no reciprocal. There is no number that when 
multiplied by zero gives a product of 1. Because zero does not have a reciprocal, 
you cannot divide by zero. 


You can use a reciprocal to write a division expression as a product. 


DIVISION RULE 


To divide a number a by a nonzero number b, multiply a by the 
reciprocal of b. 


i Example: -1+3=—1> 


a as. 


The result is the quotient of a and b. 


GEVDED Dividing Real Numbers 


Find the quotient. 


a. 10 + (—2) 


SOLUTION 
A 102 = 166 (4) =-5 


1\ _ . (13) _ 3 = 
b. —39 (43) = 39 2) = 39 « (- 4) 9 
1 
eee ee res ee cee 
oS ee “ate “ip 
ly des el 2) 24 
2 ae =) — 3 
4 
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GOAL 2) WORKING WITH ALGEBRAIC EXPRESSIONS 


In Example 1, notice that applying the division rule results in the following 
patterns for finding the sign of a quotient. 


THE SIGN OF A QUOTIENT 


¢ The quotient of two numbers with the same sign is positive. 


-a+(-b)= is Example: —20 + (-4)=5 


¢ The quotient of two numbers with opposite signs is negative. 


-a+ b= -+ Example: —20 + 4 = —5 


T EXAMPLE 2 | Using the Distributive Property to Simplify 


L ney HOMEWORK HELP Simplify the expression 32=2—&. 


c Visit our Web site ‘ 
www.mcedougallittell.com SOLUTION 
for extra examples. 

32x— 8 


— (32x — 8) +4 Rewrite fraction as division expression. 


= (32x — 8) (3) Multiply by reciprocal. 


= (32x) (3) = (8)(+) Use distributive property. 


= 8x-2 Simplify. 


The order of operations you learned in Chapter 1 also applies to real numbers and 
to algebraic expressions. 


P EXAMPLE 3 | Evaluating an Expression 


Evaluate the expression when a = —2 and b = —3. 
—2a a—4 a 
a Gt b Pi OF 4h 


[_ SOLUTION 
Study Tip 


Remember that 0 can be eS ENCE) te +. = : 
divided by any nonzero a+b —2+ (-3) 

ee result will . @=4 C27 =4 _4=4 0 0 
always be zero. " b —3 —3 —3 
Division by zero is e 9 

undefined. a a = 2 (Undefined) 


2.7 Division of Real Numbers 


FOCUS ON 
APPLICATIONS 


Jee HOFAIR 

Ss BALLOONING 

A hot-air balloon pilot fires 
the burners of the balloon 
as it nears the ground, to 


slow the descent rate and 
land the balloon gently. 
UBNE; 


<9 APPLICATION LINK 
www.mcdougallittell.com 


fi Look Back 


For help with domain and 
range, see p. 47. 


GHEE) Finding a velocity 


HOT-AIR BALLOONING You are descending in a hot-air balloon. You descend 
500 feet in 40 seconds. What is your velocity? 


SOLUTION 
VERBAL ‘ Displacement 
MODEL Velocity = 
Time 
v 
LABELS Velocity = v (ft/sec) 
Displacement = —500 (feet) 
Time = 40 (seconds) 
—500 
ALGEBRAIC vy =—— 
MODEL 40 
= -12.5 


> Your velocity, —12.5 ft/sec, is negative because you are descending. 


When a function is defined by an equation, its domain is restricted to real 
numbers for which the function can be evaluated. Division by zero is undefined, 
so input values that make you divide by zero must be excluded from the domain. 


For instance, the function y = does not have x = 2 in its domain. 


5 
x-2 


EXAMPLE 5 ] Finding the Domain of a Function 


—x 
L=%- 


Find the domain of the function y = 


SOLUTION 
To find the domain of y = T= you must exclude any values for which the 


denominator, 1 — x, is equal to zero. To do this, you need to solve the equation 
1 — x = 0. Use mental math. 


You can ask: What number subtracted from 1 equals 0? 
The answer is 1, because | — 1 = 0. 


> Since 1 — x = 0 when x = 1, you can see that x = 1 is not in the domain of 
the function, because you cannot divide by zero. All other real numbers are in 
the domain because there are no other values of x that will make the 
denominator zero. The domain is all real numbers except x = 1. 

TX 

LX 

_ =) 
1— (1) 
-—1 


= Undefined 


/ CHECK When x = 1, y = 
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GUIDED PRACTICE 


Vocabulary Check JY 1. The product of a number and ? is 1. 


Concept Check J 2. Is dividing by a number the same as multiplying by the opposite of the 
number? Explain your reasoning. 


3. Is the reciprocal of a negative number sometimes, always, or never positive? 


4. A friend tells you that : = = = =e Is your friend correct? Use 


examples or counterexamples to support your answer. 


5. Describe the error shown at the right. 


Skill Check / Find the reciprocal of the number. 


_ _3 ol 
6. 34 7. —8 8. —7 9 25 
Find the quotient. 
1 1 16 
10.7 +5 11. 10+ er 12. 19 3 13. 2 
= 
14. Find the domain of the function y = - -- i. 


15. % STOCK You own 18 shares of stock in a computer company. The total 
value of the shares changes by — $3.06. By how much does the value of each 
share of stock change? 


PRACTICE ano APPLICATIONS 


_ Se FINDING QUOTIENTS Find the quotient. 
Extra Practice 16. —51 + (-17) 17.45 + (-9) 18. —24+4 19. 49 + (—7) 


to help you master 


skills is on p. 798. 20. 64 + (—8) 21. -99 +9 22. —35 + (—70) 23. 18 + (—54) 
{2 ne ~26 36 
24. —90 + ( 2 25. 56 = ( 24) 26. > 27. = 
6 
28.60+(-10) 29.-126+18  30.-18 +3 31. —87 = (-2) 


SIMPLIFYING EXPRESSIONS Simplify the expression. 


32. 42y + 7 33. Of = ( i) 34. 58z = ( 2 | 35. 12° 3 
: d. 3y . 1 2b 7 me. 
HOMEWORK HELP 36.5 +6 31.50 338: =—- +> 39. 33x + = 
Example 1: Exs. 16-47 4 4 2 7 9 I 
Example 2: Exs. 48-51 = 
Example 3. Exs, 52-57 40. 49x + 35 41. 8x2 = (-3) 42. 68x + H) 43. —54x? + 
Example 4: Exs. 62-64 a é ¥ 5 
Example 5: Exs. 58-61 ft . 6 x -(—2 7. (= 
P 44. =i42° 7 45. 8 8 46. 3 ( 4 47.—7 ( 2 


2.7 Division of Real Numbers 


FOCUS ON 


i KAREEM ABDUL- 
>» JABBAR holds the 
NBA career record for most 
points scored. He was a 
member of 6 NBA 
championship teams. 


DISTRIBUTIVE PROPERTY Simplify the expression. 


18x — 9 49. 22x + 10 50. —56+ x 51. 45 — 5x 


a8 =) —8 5 


EVALUATING EXPRESSIONS Evaluate the expression for the given value(s) 
of the variable(s). 


52. ~ % a when x = 30 53. a when r = 17 
= 2 
54, 4? when a = and b = —3 65, 15710 when x = —3 andy = 3 
28 — 4x = _t 3a — 4b = al = Jl 
56. ~y when =2andy= 5) 57. ah when a 3 and b 4 


FINDING THE DOMAIN Find the domain of the function. 


i at 
x+2 oly 2 


1 3 
58. y = 37 59. y= 5; 60. y = 


62. % COOKING Tom Kar Gai is a soup from Thailand. You need 133 ounces 


of chicken broth to make one serving. If you have 825 ounces of chicken 
broth, how many servings can you make? 


63. % SCUBA DIVING You are scuba diving in the ocean. You dive down 
22.5 feet in 9 seconds. What is your average velocity? 


64. % BASKETBALL Kareem Abdul-Jabbar scored 38,387 points and grabbed 
17,440 rebounds in 1560 National Basketball Association games. How many 
points did he average per game? How many rebounds did he average per 
game? (Round your answers to the nearest tenth.) > Source: NBA 


FINDING A PATTERN In Exercises 65-67, use the table below. 


Fracti x ae —— = a2 - 
Jeevan 1 0.1 0.01 0.001 0.0001 0.00001 


65. Copy and complete the table by expressing the fraction as a product that has 
no decimal factor. 


Product 


66. Describe the pattern in the products. 


: : : Xx 
67. Use the pattern to simplify the expression 0.0000001° 


® MODEL ROCKET You launch a model 
rocket that rises 550 feet in 2.75 seconds. Rocket rises for 
It then opens a parachute and falls at a 2.75 seconds. 

rate of 11 feet per second. 


68. What is the rocket’s average velocity 
going up? 


69. What is the rocket’s velocity coming 
down? 


70. In how many seconds after the launch 
will the rocket reach the ground? 


Not drawn to scale 
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71. Writing If a and b are positive and a < J, is it true that ‘ < +9 


Explain and show an example or a counterexample. 


ODYs 
Test éS) 72. MULTIPLE CHOICE Which of the following expressions is equivalent to 
Preparation the expression a a 29 
3 


B 23x - 2)+3 ® (6x - 4)-(-3) ® 9 +6 BW 9-6 


73. MULTIPLE CHOICE Which of the following statements is false? 
@) The reciprocal of any negative number is a negative number. 


Dividing by a number is the same as multiplying by the reciprocal of the 
number. 


C The reciprocal of any positive number is a positive number. 


(> The reciprocal of any number is greater than zero and less than 1. 


* Challenge 74. EXTENSION: CLOSURE A set of numbers is closed under an operation if 
applying the operation to any two numbers in the set results in another 
number in the set. For instance, positive integers are closed under addition 
because the sum of any two positive integers is a positive integer. Decide 
whether the set is closed under the given operation. 


a. positive integers; subtraction b. integers; addition and subtraction 
www.mcdougallittell.com c. integers; multiplication d. integers; division 


MIxeD REVIEW 


COCO EEE E EEE EEE SHEE EEE SESE EEE SESE EEE EE EESEE EEE EEE EE EE EEE EEEEEE EEE EEEEE EE EE EEE EEE EEEEEEEEEEEEE EEE EEEEEEEEEEEEESESESE SEES EES 


CONVERTING FRACTIONS Write the fraction as a decimal. Round to the 
nearest hundredth if necessary. (Skills Review, pp. 784-785) 


3 3 23 at 
75.3 76. = 71.36 78. 55 
1 2 30 5 
79. & 80. = 81. 55 82.5 


EXPONENTIAL EXPRESSIONS Evaluate the expression for the given value 
of the variable. (Review 1.2, 2.5) 


83. 3x* when x = 7 84. 4(b3) when b = 5 85. 2(y°) when y = —5 
86. 5y’ when y = 4 87. (6w)* when w = 2 88. 12d? whend = 9 

89. 5x* when x = 0.3 90. 32x’ when x = —1 91. (7)? when t = 3 
NUMERICAL EXPRESSIONS Evaluate the expression. (Review 1.3, 2.5) 

92.12 =O] 93.42 +6+8 94.911 — 7) =3 
95.8+(91+13)-5 96. 3-8-6 97. 23 — [(12 + 3)? +8] 
98. 11 + (-5) + 20 99. —8 + (—9) — 80 100. —16 + (—6) * (—8) 


2.7 Division of Real Numbers 


PLORING DA 
D STATISTI 


Probability and Odds 


PGOAL 1) FINDING THE PROBABILITY OF AN EVENT 


nt is a measure of the likelihood that the event will 
_ What you should learn occur. - Iti isa number ‘between 0 and 1, inclusive. 


GON Find the probability 
aaaTIGTEnt, P=0 P=0.25 P=05 P=0.75 P=1 
Impossible Unlikely Occurs half the time Quite likely Certain 
GAWD Find the odds of an 
event. When you do a probability experiment, the different possible results are called 


outcomes. When an experiment has N equally likely outcomes, each of them 


ou should learn it 

Mhyy j occurs with probability 7 For example, in the roll of a six-sided number cube, 
V To represent real-life : N . ; : 
situations, like the probability the possible outcomes are 1, 2, 3, 4, 5, and 6, and the probability associated with 


that a baby sea turtle each outcome is i 


reaches the ocean : 6 
: nt poe of a collection of outcomes. In the roll of a es gue nutes 


wish to have happen are called | - VC ‘omes, and the theoretical 


probability of this event is calculated by the following rule. 


Number of favorable outcomes 
Total number of outcomes 


T EXAMPLE 1 ] Finding the Probability of an Event 


a. You toss two coins. What is the probability P that both are heads? 


Theoretical probability P = 


b. An algebra class has 17 boys and 16 girls. One student is chosen at random 
from the class. What is the probability P that the student is a girl? 


SOLUTION favorable outcome = both heads 
a. There are four possible outcomes that 
are equally likely. = 
H T 


Number of favorable outcomes 


1 Pa 
Total number of outcomes 4 Ges Gs) Ce) =) 


T H T T 


b. Because the student is chosen at random, it is equally likely that any of the 
33 students will be chosen. Let “number of girls” be the favorable outcome. 
Let “number of students” be the total number of outcomes. 


n= Number of favorable outcomes _ Number of girls ~ 0.485 
~ “Total number of outcomes Number of students _ 33 


Chapter 2 Properties of Real Numbers 


FOCUS ON 
CAREERS 


Je MARKET 

>» RESEARCHERS 
use surveys to predict the 
needs and interests of their 
potential customers. Then 
they can make their 
products better. 


KONE; 
in CAREER LINK 
www.mcdougallittell.com 


Another type of probability is experimental probability. This type of 
probability is based on repetitions of an actual experiment and is calculated by 
the following rule. 


Number of favorable outcomes observed 
Total number of trials 


Experimental probability P = 


© ACTIVITY 


POOH EEE EEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEESEEESEEEEEEEEEEEEEEEEESOOEEESD 


Developi Etnies : aa 
concen Investigating Experimental Probability 


Partner Activity Toss three coins 20 times and record the number of 
heads for each of the 20 tosses. 


@ Use your results to find the experimental probability of getting three 
heads when three coins are tossed. 


® Combine your results with those of all the other pairs in your class. 
Then use the combined results to find the experimental probability of 
getting three heads when three coins are tossed. 


© Find the theoretical probability of getting three heads when three coins 
are tossed. How does it compare with your results from Step 2? 


A survey is a type of experiment. Probabilities based on the outcomes of a 
survey can be used to make predictions. 


GEV) Using a Survey to Find a Probability 


SURVEYS Use the circle graph at Where Would You Like to Live? 
the right showing the responses of 
500 teens to a survey asking “Where e—__>__— Large city 155 


would you like to live?” 


e-—— Small town 90 


If you were to ask a randomly chosen 
teen this question, what is the 
experimental probability that the teen *>———— Rural/ranch 70 


would say “large city?” o———— Wilderness area 85 


e— Suburbs 100 


> Source: Youth Views 


SOLUTION 


Let “choosing large city” be the favorable outcome. Let “number surveyed” be 
the total number of trials. 


Number choosing large city 
Number surveyed 


Experimental probability P = 


55 
500 


= 0.31 


2.8 Probability and Odds 


PGOAL 2) FINDING THE ODDS OF AN EVENT 


THE ODDS OF AN EVENT 
C Study Tip When all outcomes are equally likely, the odds that an event will occur 
Odds are always read as are given by the formula below. 
the ratio of one quantity 
to another. For example, Odds = Number of favorable outcomes 
zis read as “four to Number of unfavorable outcomes 


three,” not as “four 
thirds.” 


EXAMPLE 3 } Finding the Odds of an Event 


You randomly choose an integer from 0 through 9. What are the odds that the 
integer is 4 or more? 


SOLUTION There are 6 favorable outcomes: 4, 5, 6, 7, 8, and 9. There are 
4 unfavorable outcomes: 0, 1, 2, and 3. 


Odds = Number of favorable outcomes _ 6 _ 3 
Number of unfavorable outcomes 4 2 


> The odds that the integer is 4 or more are 3 to 2. 
If you know the probability that an event will occur, then you can find the odds. 


Probability event will occur —  —_— Probability event will occur 
Probability event will not occur —_ 1 — (Probability event will occur) 


Odds = 


Bo GEV) Finding odds trom Probability 


ets The probability that a randomly chosen household has a cat is 0.27. What are the 
odds that a household has a cat? >Source: American Veterinary Medical Association 


SOLUTION 
Gade= Probability event will occur 

eS (Probability event will occur) 
— 0.27 : ae 
- 7-027 Substitute for probabilities. 
_ 0.27 Peete : 
= 0.73 Simplify denominator. 
_ 27 ; : 
= a3 Multiply numerator and denominator by 100. 


> The odds are 27 to 73 that a randomly chosen household has a cat. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Using the results of a student lunch survey, you determine that the probability 
that a randomly chosen student likes green beans is 0.38. Is this probability 
theoretical or experimental? 


Concept Check J 2. The probability that an event will occur is 0.4. Is it more likely that the event 
will occur, or is it more likely that the event will not occur? 


3. The odds that an event will occur are 3 to 4. Is it more likely that the event 
will occur, or is it more likely that the event will not occur? 


Skill Check Jf Tell whether the event is best described as impossible, unlikely, likely to 
occur half the time, quite likely, or certain. Explain your reasoning. 


4. The probability of rain is 80%, or 0.8. 
5. The odds in favor of winning a race are +. 
6. The odds of being chosen for a committee are | to 1. 


% TEST PLANNING Suppose it is equally likely that a teacher will chose 
any day from Monday, Tuesday, Wednesday, Thursday, and Friday to have 
the next test. 


7. What is the probability that the next test will be on a Friday? 


8. What are the odds that the next test will be on a day starting with the letter T? 


PRACTICE ano APPLICATIONS 


[_ a PROBABILITY Find the probability of randomly choosing a red marble from 
Extra Practice the given bag of red and white marbles. 
to help you master 9. Number of red marbles: 16 10. Number of red marbles: 8 
skills is on p. 798. Total number of marbles: 64 Total number of marbles: 40 
11. Number of white marbles: 7 12. Number of white marbles: 24 
Total number of marbles: 20 Total number of marbles: 32 


ObDDs Find the odds of randomly choosing the indicated letter from a bag 
that contains the letters in the name of the given state. 


13. S; MISSISSIPPI 14. N; PENNSYLVANIA 
15. A; NEBRASKA 16. G; VIRGINIA 
PROBABILITY TO ODDS Given the probability, find the odds. 
HOMEWORK HELP 
Example 1: Exs. 9-12 17. The probability of randomly choosing a club from a deck of cards is 0.25. 
Example 2: Exs. 21-24, iat : : > ll 
26, 28, 29 18. The probability of tossing a total of 7 using two number cubes is 6 
Example 3: Exs. 13-16, : 
25, 27, 30 COIN TOSS You toss two coins. 
Example 4: re 17, 18, 19. What is the theoretical probability that only one is tails? 


20. Use the theoretical probability to find the odds that only one is tails. 


2.8 Probability and Odds 


21. NUMBER CUBES You toss a six-sided number cube 20 times. For twelve 
of the tosses the number tossed was 3 or more. 


a. What is the experimental probability that a number tossed is 3 or more? 
b. What are the odds that a number tossed is 3 or more? 


22. % BABY SEA TURTLES A sea turtle buries 90 eggs in the sand. From 
the 50 eggs that hatch, 37 turtles do not make it to the ocean. What is the 
probability that an egg chosen at random hatched and the baby turtle made 
it to the ocean? 


_ ee 7) PETS In Exercises 23-25, use the graph. U.S. Households with Pets 
N, 
$723, HOMEWORK HELP 23. What is the probability that a pet- 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 23-27. 


owning household chosen at random 
owns a dog? 


24. What is the probability that a pet- 
owning household chosen at random 
does not own a fish? 


Households (millions) 


25. There are approximately 98.8 million 
households in the United States. Ifa 
household is chosen at random, what 
are the odds that the household owns a pet? > Source: American Veterinary Medical Assoc. 


® MoviNG In Exercises 26 and 27, use the table, which shows the percent 
of citizens from various age groups who changed homes within the United 
States from 1995 to 1996. 


26. What is the probability Percent of U.S. Citizens of Given Ages who Moved 
that a citizen from the Age Total Different county, | Different 
15-19 age group group same state a 
changed homes? 
: 1510 19 ao ee ee aa 


27. What are the odds 
that a citizen from the aio24 ee 
25-29 age group 25 to 29 :) 
ax oe moved toahome ina — | 30 «9 44 3 
different state? 


> Source: U.S. Bureau of the Census 


®% EARTHOUAKES In Exercises 28-30, use the table, which shows the 
number of earthquakes of magnitude 4.0 or greater in the western United 
States since 1900. The magnitude of an earthquake indicates its severity. 


28. What is the probability that the Magnitude Wher or 
magnitude of an earthquake is earthquakes 


from 6.0 to 6.92 Sand hiner 


29. What is the probability that the 


Je FAULT LINES magnitude of an earthquake is not 

Ss A fault line, like the from 4.0 to 4.9? 

one shown above, may 

appear in the earth's surface 30. What are the odds that the 

in a region that is prone to magnitude of an earthquake is 

earthquakes. from 7.0 to 7.9? > Source: U.S. Geological Survey 
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Test €3) 


Preparation 


* Challenge 


www.mcdougallittell.com 


31. % WARDROBE Your cousin spills spaghetti sauce on her shirt and asks to 
borrow a clean shirt from you for the rest of the day. You decide to let her 
choose from a selection of 4 sweatshirts, 1 hockey shirt, 8 T-shirts, and 3 tank 
tops. If it is equally likely that your cousin will choose any shirt, what are the 
odds that she will choose a sweatshirt? 


32. Writing Suppose you randomly choose a marble from a bag holding 
11 green, 4 blue, and 5 yellow marbles. Use probability and odds to express 
how likely it is that you choose a yellow marble. Compare the two ways of 
expressing how likely it is to choose a yellow marble. If you find one 
(probability or odds) easier to understand or more useful than the other, 
explain why. 


IMIULTIPLE CHOICE Use the table, which shows the number of students in 
each grade for three high schools and the number that get to each school 
by riding the bus. 


3rd District High School Student Bus Riders 


Te 


232 
194 


198 195 151 
176 205 273 142 
142 173 231 106 


33. If you are in the tenth grade, what is the probability that you ride a bus to get 
to school? 
141 196 523 139 
BD Tog ~ 9-73 BD 304 ~ 0.64 © gio ~ 0.64 D Jeg ~ 953 


34. If you go to Marshall High School, what are the odds that you do not ride 
the bus to get to school? 


) 657 to 227 657 to 884. = G) 2270657 ~— BD 227 to 884. 


BULL’S-EYE In Exercises 35-38, use the drawing of the dart board below, 
and the following information. 


Assume that when a dart is thrown and hits the board, 
the dart is equally likely to hit any point on the board. 
The probability that a dart lands within the red 
bull’s-eye circle is given by the following equation. 


— Area of bull’s-eye 
Area of board 


(Hint: See the Table of Formulas on p. 813.) 


35. What is the area of the bull’s-eye? 

36. What is the probability that a dart lands within the middle circle? 

37. What is the probability that a dart lands between the middle and outer circles? 
38. What are the odds that a dart lands on the bull’s-eye? 


2.8 Probability and Odds 


MIxeD REVIEW 


PP POSC SESE EEO EEE EEE TELE SEES EE EEEHE TEE ESOEO EEE SOESE TEE ESET EEEEESETEEESEEO EE OSEES EEOC ESOT EESEHS ETE E ESOL EEESESEELEEE EOE 


MENTAL MATH Write a question that can be used to solve the equation. 
Then use mental math to solve the equation. (Review 1.4) 


39.x+17=25 40.a—-5=19 41. 2b —1=10 
42. 11t = 110 43. 2. = 8 44. 3x + 15 = 24.6 


TRANSLATING VERBAL SENTENCES Translate the sentence into an 
equation or an inequality. (Review 1.5, 2.1) 


45. 17 less than a number z is 9. 
46. 8 more than a number r is less than 17. 
47. —3 is the sum of a number y and —6. 


48. —9 is equal to a number y decreased by 21. 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 2.3 for 3.1) 


49.-8+4-9 50. 12 — (—8) —5 51. 20 + (-17) — 8 
52. —17 + 25 — 34 53. -6.3+4.1 —9.5 54.2 —11+5-(-16) 
1 —4\_ 2 3, 43 1 
55. —29.4 — (-8) + 4 56.5 + ( ;) 3 57. 13 Pay 15 
Quiz 3 Self-Test for Lessons 2.7 and 2.8 


COPS OEE E EEE HEE EE EEE EEE EEE EEE EE EEE EEE EEE EEE EEE SESE EEE EEEEEEESESE SESE SEES EEEEEEESEEEEEEEEEEEEEEESEESEEEEESESE SESE SESES TEESE 


Find the quotient. (Lesson 2.7) 


1. -28 + 2 2, 20 3, 22 4. 48 = (12) 
z a 
5. 1s = (= 15) 6. —-144+9 7. —120 = 8 8. 77° ( 1§) 
In Exercises 9-16, simplify the division expression. (Lesson 2.7) 
9.42x+(-6) 10. -56+ (8x) 11. 9x +5 12.20 + = 
_ ey ee «(8 2k 2 
13, 25x +3 14. 15t 3 ( ;) 15. 66y + ( $) 16, —2% = (—4) 


17. What is the probability that you randomly choose a purple marble from a bag 
containing 11 red, 6 green, and 8 purple marbles? (Lesson 2.8) 


Tell whether the event is best described as impossible, unlikely, likely to 
occur half the time, quite likely, or certain. Explain your reasoning. 
(Lesson 2.8) 


18. The probability of snow is 20%, or 0.2. 

19. The probability of taking the test is 1. 
i 8 1 

20. The odds in favor of winning a car are 30,000: 

21. The odds of being chosen for the softball team are 15 to 6. 
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Chapter Summary 


WHAT did you learn? WHY did you learn it? 


Graph and compare real numbers. (2.1) Find the coldest temperature recorded. (p. 64) 


Find the opposite and the absolute value 
of a real number. (2.1) 


ARERR EERE ERROR E EEE EEE EEO E EEE HEE EEE HEHEHE EEE EEE EEE EEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEE EEE HEHEHE EEEEE EEE EEE EE HEHE 
Peer ee ee ere resco seers ere ese see ee ese He eS EEO EEE TE OEE EEE HE ETE LE ESTEE EOE ESET SESE EOE ESE ESET ESSE ES ESSE TEESE ESET ESSE SESE EOE ETE ESOS EE OE ESE ES ESET HES EH ESET OE EE ETE TEE TESTE OEE 
Peer ee eee eee eee eee Cee re eee rr ere errr errr rere ere reer rere ee ree reer ese e reer errr rer rere errr rer rere ster re rer er reer rere seer re rrr errr errr rere rrr rrr rrr rire r rere errr r eres 
ree eee eee eee eee rer re ere rer rere errr rer rere rrr rrr rrr rer errr errr rere errr rarer rer rer rere rrr rrr rr ere rrr rer terre rrr rer errr rrr er rer rrr rere irre rer rere rer rere errr rer 


Express the likelihood of an event _ Find how likely it is that a test is given on 
as a probability or as odds. (2.8) a Friday. (p. 117) 


How does Chapter 2 fit into the BIGGER PICTURE of algebra? 


The numbers you worked with in Chapter 1 were zero or positive. In this chapter 
you studied rules for adding, subtracting, multiplying, and dividing with both 

positive and negative numbers. You are building a sense for the type of problems 
associated with negative numbers, such as losses, deficits, and low temperatures. 


This chapter introduces some of the rules of algebra. By learning to create, 
simplify, and evaluate algebraic expressions and matrices, you will be able to 
solve many real-life problems. These skills will also prepare you for the algebra 
that you will study later in this course. 


STUDY STRATEGY 


How did you use the 


Lesson 2.2 


lessons in this geen Property 
chapter? Sve Cate -44+6=64 (4) 
Associative Property 


(a+b) +c=a+ (b+¢) 
(-8+5)+3=-94 (543) 


The notes you made as you 
studied Chapter 2, using the 


Study Strategy on page 62, Identity Property 
may include these properties. a0 q 
oa —-4+0=-q 
Property of Zero 
ae 0 -7.5+7.5=0 


Chapter Summary 


* real number line, p. 63 * absolute value, p. 65 * constant terms, p. 102 


¢ real numbers, p. 63 ¢ velocity, p. 66 ¢ simplified expression, p. 102 

* origin, p. 63 * counterexample, p. 66 ¢ reciprocal, p. 108 

* negative numbers, p. 63 ¢ terms of an expression, p. 80 ¢ probability of an event, p. 114 

* positive numbers, p. 63 * matrix, p. 86 * outcomes, p. 114 

¢ integers, p. 63 ¢ entry, or element, of a matrix, ¢ theoretical probability, p. 114 

¢ graph of a number, p. 63 p. 86 ¢ favorable outcomes, p. 114 

* plotting a point, p. 63 * distributive property, p. 100 * experimental probability, p. 115 
* opposites, p. 65 * coefficient, p. 102 * odds, p. 116 


* like terms, p. 102 
Examples on 


THE REAL NUMBER LINE pp. 63-66 


FREER REE R REE RHEE HEHEHE EEE E EEE E EEE TEESE EEE EE EES EEEEE EEE EEE EEEEEE HEHE HEHEHE EEEEEEEEEEEEEEEEEEE EE EEE SETHE EEE EEEEEEEEEEEEEEEEEE EEE EEE ESE ESTEE EES 


Y EXAMPLES } You can use a number line to graph the real numbers 2, -5, 0.8, 


5, 2, and —0.8, and then put them in order from least to greatest. 
1 1 
-2 —'4 -08 ¢~2 0.8 2 
a 
—3 = =| 0 1 2 3 
1 


1 
q —0.8, —5, 0.8, and 2. 
The opposite of 0.8 is —0.8. Both 2 and —2 have an absolute value of 2. 


In order from least to greatest, the numbers are —2, — 1 


Graph the numbers on a number line. Then write two inequalities that 
compare the two numbers. 


1. 7 and —6 2. —3.9 and —4.3 3. —9 and 8 
4. —0.2 and —0.25 5. 13.9 and —14.9 6. | -£ and — =| 
E. 1 
ADDITION OF REAL NUMBERS oop 72-74 
GED Find -8 + 6). Find 4 + (-7). 
| =8 | oF | —6| = 14 Same sign rule | -7| = |4| =3 Opposite sign rule 
8+ (—6)=—14 Attach common sign. 4 +(-7) = —3 Attach sign of —7. 
Find the sum. 
712 +e7 8. —24 + (-16) g244 E30 
10. 9 + (-10) + (—3) 11. —35 + 41 + (-18) 12. 23 + 53 +( 45) 
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im zn SUBTRACTION OF REAL NUMBERS 


Examples on 


pp. 79-81 
[ EXAMPLES ] To subtract a real number, add its opposite. 
3 (SiH 3 5 Add the opposite. —o et Add the opposite. 
=8 Find the sum. =—15 Find the sum. 
Evaluate the expression. 
13. =2. = 7 = (+8) 14.5 — 11 — (-6) 15. —18 — 14 — (—15) 
_ = 7 3 13 23 4 7 
16-574 31 Re 17. i + ( 3) : 18, —23 | | +( 5} 


Examples on 
pp. 86-88 


SERRE REE eRe EEE EEE EEE EEE HEHEHE EE HEHEHE HEHEHE EE EE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEE HEHEHE HEHEHE HEHEHE EE EEEEEES 


Y EXAMPLES To add or subtract matrices, add or subtract corresponding entries. 


P2 als tl-beés 2til-Ls =i 


6 -6] [-3 3 6-(-3) 6-3 9 -9 
~2 4|-|-2 5/=|-2-(-2) 4-5/=] 0 -1 
2 1 7-4 2-7 1-(-4] [-9 5 


Find the sum and the difference of the matrices. 


—3 -—2 4 -—2 2 5 9 -{| -6 Ill 
is. | 8 Ar & sa E 10 A Ez a i 
Examples on 


_ ia MULTIPLICATION OF REAL NUMBERS pp. 93-95 


ARR R Ree eee eRe eee EEE OEE HEHE EERE EEE HEHEHE EE HEHE EEE EE EEE EEE HEHE HEHEHE EE EEE EEEEEEE EEE HEHEHE EEE EEE EEE HEHEHE EEEEEEEEEEEEEEHE EEE EE EEE EEES 


Y EXAMPLES ] A product is negative if it has an odd number of negative factors. 
A product is positive if it has an even number of negative factors. 


a. (—4)(5) = —20 
b. (-F)-3@) =2 
c. (—2)(—1)(—3) = —6 


One negative factor 


Two negative factors 


Three negative factors 


Find the product. 


21. (—3)(12) 
25. -17(3) 
29. (—7)(—6)(—2) 


22. (5)(—8) 
26. (—14)(—0.3) 


30. (—12)(2)(—0.5) 


23. (—40)(—15) 
27. | (9)(—5.5) | 


31. (-24(-5) 


24, (—1)(9) 
28. (—3.2)(-10)(2) 


32. (11)(-I)(-7)(-3) 


Chapter Review ia 


E: I 
Dy THE DISTRIBUTIVE PROPERTY pp. 100-102 


You can use the distributive property to rewrite expressions 
without parentheses. 


8(x + 3) = 8x + 24 a(b + c) = ab + acor(b+ c)a= ba+ ca 
3(x — 6) = 3x — 18 a(b — c) = ab — acor(b— c)a= ba— ca 


Use the distributive property to rewrite the expression without parentheses. 


33. 5(x + 12) 34. (y + 6)9 35.5.5(b— 10) 36. (3.2—w)2 


37. (¢ + 11)(—3) 38. -2(s + 13) 39. -2.5(¢-5) 40. -x(3+y) 


E. 1] 
2.1 DIVISION OF REAL NUMBERS np. 1082146 


ARAN RRR eRe ee R HEE EEE HEHEHE EE EEE EE EEE EEE EEE HEHEHE EEEEEEEEEEEEEEEEEEEEEEEEEEHEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEE EEE EES 


Y EXAMPLE ] To divide 7 by —6, multiply 7 by the reciprocal of —6. 


: Seo = ee es | 
7+ (-6)=7 ( 1) = 6 b> a= be 
Find the quotient. 
41.48+(-12) 42. -34+2 43.39+(-13) 44. -57 + (-19) 
45.55=(-1.1) 46.-63+42 47. “ ag, ——S4 
“4 8 


E: 1 
OZR) prosasiiry anv Opps pp. 114-116 


FREER ERROR ERE EEE EERE EEE REESE EEE EE ESSE EEE HEHEHE EEE EEE EE EEE EE EEE HEHE EEEEEEEEEEEEEEEEEEEEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE EE EEEE 


Find how likely it is that you will randomly choose a green marble 
from a bag with 11 green, 2 blue, and 7 red marbles. 


Probability Odds 
pe Number of favorable outcomes Ode Number of favorable outcomes 
Total number of outcomes Number of unfavorable outcomes 
ann _u 
P= 0 > 0.55 = 
The probability is 0.55. The odds are 11 to 9. 


Find the probability and the odds of randomly choosing a red marble from a 
bag of red and white marbles. 


49. Number of red marbles: 12 50. Number of red marbles: 9 
Total number of marbles: 48 Total number of marbles: 81 

51. Number of white marbles: 36 52. Number of white marbles: 17 
Total number of marbles: 40 Total number of marbles: 68 
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Find the value of the expression. 
1. |8| 2. |-2.7| 


5.4 + (—9) 


Add or subtract the matrices. 


3 -7| [4 = 1 
1 
9/5 o6f+]2 4] w)5 8 
1 7 1 
OG 2h ke 2 a) 
Find the product or quotient. 
12. (—6)(4) 13. 72 + (—12) 
af = = 
16. —56 + ( 4 17. (-9)(8)( 5) 
ow D\ (45 
20. 373 21. 2)(13 
Simplify the expression. 
24. (—5)(—w)(w)(w) 25. (—8)?(—x)? 
28. (35 — 104)(~2) 29. —9(y + 11) 


6. —4.5 + (-9.1) 


Chapter Test 


oON|R Oo 


3. |-6.4| — 3.1 
92 4.3h 
ee 135 
1 
2 aoe 
11. . 
5 16 
14. —36 + (—4) 


18. —3740 + (—10) 


2 


5 


22. (-3)(5)( 


26. 8(4 — q) 


30.53 —2) =z 


In Exercises 32-37, evaluate the expression for the given value of x. 


32.5 — (—8) + x when x = —5 


35. 1 — 2x* whenx = —2 


33.|—9| — 2x + 5 whenx = 6 


a —|1 


36. 


3 


\ 


8 


) 


38. % PROFIT A company had a first-quarter profit of $2189.70, a second-quarter 
profit of $1527.11, a third-quarter loss of $2502.18, and a fourth-quarter loss of 
$266.54. What was the company’s profit or loss for the year? 


39. “) EAGLES An eagle dives from its nest with a velocity of 


—8% feet per second. Find the vertical displacement in 45 seconds. 


% BEVERAGE SURVEY You do a survey asking students to identify their 
favorite beverage from the following categories: soda, juice, water, and 


other. You get the following results: 132 students choose soda, 59 choose 
juice, 43 choose water, and 26 choose other. 


40. What is the probability that a randomly chosen student’s favorite drink 


is juice? 


41. What are the odds that a randomly chosen student’s favorite drink is water? 


4. —(-4.5) 


8.9+(-10) +2 


co Ne 


15. (—8.4)(— 100) 
19. —(—18)( (75) 


= ee oe ee 
23. 7 + (+13) 


27. (6 + y)\(—12) 


31. 14p + 2(5 — p) 


34. —9x + 12 when x = —2 


37. —4x7 — 8x + 9 when x = —5 


Chapter Test 


1. MULTIPLE CHOICE Which integer is between 


55 37 
—“7 and —3? 
BD —13 -12. @©2 

i _ 69 
BD 3 Q-s 


2. MULTIPLE CHOICE What is the value of 


|x| + |y| — 10 whenx = —9 and y = 2? 


@® 17 ® -4 
@® 1 21 


& -1 


3. MULTIPLE CHOICE Which of the following is 


a counterexample that proves the statement 
| x | = —x is not true? 


@e-0s tx eee 


DM x=0 CE) x =47 


4. MULTIPLE CHOICE What is the value of the 


expression —9 + 3 + (—14)? 
BD —26 —20 
@D -2 ©) 26 


jo -8 


QUANTITATIVE COMPARISON In Questions 


5-7, choose the statement that is true 
about the given quantities. 


@) The quantity in column A is greater. 
The quantity in column B is greater. 


C©) The two quantities are equal. 


@®) The relationship cannot be determined 


from the given information. 


Column B 


Column A 


| Bastee) | 2454. | 


Chapter 2 Properties of Real Numbers 


Chapter Standardized Test 


@ TEST-TAKING STRATEGY If you can, check an answer using a method that is different 
from the one you used originally, to avoid making the same mistake twice. 


8. 


10. 


11. 


12. 


MULTIPLE CHOICE What is the value of the 
expression —4 — 6 — (—10)? 
@ —20 =—12 
@D 0 ® 12 


(ey 8 


. MULTIPLE CHOICE What is the value of the 


expression 9 — (—13) + (—17) + (10)? 


B® —4l —31 @& —5 
@M 5 © 15 
MULTIPLE CHOICE Find the sum. 
—5 -4 8 9 
2 —-4/+/-6 1J/=2 
1 -3 -1 4 
3 5 —3 5 
@BD|-6 —3 4 —3 
0 1 0 -1 
3 5 3 5 
@©|-4 -3| @|-4 -3 
0 1 OQ. =] 


CE None of these 


MULTIPLE CHOICE Find the difference. 


=I <3 =) 63 

-6 4/-|] 2 6,=2 
2; = 0 —-8 
66 (OO =— 0 


66 (0 66 (0 
Qs 2 D8 —2 
a 0 3 


CE None of these 


LSD 
MULTIPLE CHOICE —5°—-* 7°53 = 2 
_24 =e! =! 
QD -G 5 © -<% 
1 > 
DO; QE 


13. MULTIPLE CHOICE What is the value of —2m° + 4m? when m = —2? 
@ —32 —16 © -4 Mm 4 © 16 


QUANTITATIVE COMPARISON In Questions 14 and 15, choose the 
statement that is true about the given quantities. 


The quantity in column A is greater. 
The quantity in column B is greater. 
©) The two quantities are equal. 


@) The relationship cannot be determined from the given information. 


Column A Column B 


| cio# | 10 


Bs 94 + (=0) —12+*8+6 


16. MULTIPLE CHOICE The expression 6(x + 3) — 2(4 — x) can be simplified to _?.. 
B® 5x +5 ® 8x + 10 © 5x—5 @® 8x +1 C 4x + 10 


17. MULTIPLE CHOICE What is the value of apt Ong when p = —2 and gq = —3? 
Pq 


@-> Ors ex ® -j QF 


18. MIULTIPLE CHOICE On March 1, you own 15.5 shares of mutual fund stock 
that are worth $142.91. On May 1, the shares are worth $135.16. What was 
the change in the price per share of stock? 


@ —$7.75 —$.50 © —$.05 @® $.05 © $.50 


MULTIPLE CHOICE In Questions 19 and 20, you randomly choose a marble 
from a bag holding 5 red, 7 blue, and 13 yellow marbles. 


19. What is the probability that you choose a blue marble? 


@ 0.2 0.07 ©& 0.28 @D) 0.52 CE} 0.7 
20. What are the odds that you choose a red marble? 
@ 1to4 G@® Sto 13 ©& 7 to 13 @®D 5to7 ©} 13to5 


21. MULTI-STEP PROBLEM The spinner at the right is evenly divided into 
6 sections. Each of the players spins the spinner. Their results are added 
together. Player A wins if the sum is negative. Otherwise, Player B wins. 


a. List all the possible outcomes for one pair of spins. 


b. What are the odds of Player A winning? 


c. CRITICAL THINKING A game is fair when all the players have the same 
probability of winning. Is this a fair game? Explain your reasoning. 


d. CREATING A FAIR GAME Create your own game like the one described 
above. Your game should be fair. You may change the numbers on the spinner 
or the rules of the game. Describe your game and explain why it is fair. 


Chapter Standardized Test 


SOLVING LINEAR 
EQUATIONS 


> Why do think the bald 


iz Sx 

1. fs > + 

¥ — } eS : 
a 
tax = 

~ = , 
= 


CHAPTER 


APPLICATION: Bald Eagles 
A bald eagle is featured on the 


Great Seal of the United States. 
The bald eagle is considered a . Se. -) 
symbol of power, strength, grace, , yf 
and freedom. These birds, found 
only in North America, can fly up : ' 
to 30 miles per hour and dive at . 

speeds up to 100 miles per hour. 


To solve problems involving flying 
rates of bald eagles, you can use 
equations containing variables 

for distance, rate, and time. In 
Chapter 3 you will use linear equa- 
tions to describe many real-world 
situations. 


Think & Discuss 


1. Find the distance a bald eagle can travel for the 
given flying rate and time. 


Time 
(hours) 


Flying Rate 
(miles per hour) 


Distance 
(miles) 


2. Rewrite the flying rate in miles per minute. 


Learn More About It 


You will use equations to find flying and diving 
times of bald eagles in Exercise 57 on p. 143. 


BNE, 
ne 
s, 


APPLICATION LINK Visit www.mcdougallittell.com 
for more information about bald eagles. 


Stud 
ogo i 


What’s the chapter about? 


Chapter 3 is about solving linear equations. In Chapter 3, you'll learn 


* techniques for solving linear equations systematically. 
* ways to apply ratios, rates, percents, and problem solving strategies. 
KEY VOCABULARY 


> Review > New 
¢ solution of an equation, p.24 ° equivalent equations, p.132 = ratio of ato b, p. 140 


* opposites, p. 65 * inverse operations, p. 132 * identity, p. 155 
¢ distributive property, p.100 = ° linear equation in one ¢ formula, p. 174 
* reciprocal, p. 108 variable, p. 133 * rate of aper h, p. 180 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Find the percent of the number. (Skills Review, p. 786) 


1. 11% of 650 2. 41% of 71.5 3. 6% of 250 4. 4.2% of 60 
ae Check whether the given number is a solution of the equation. 
Study Tip (Review Examples 1 and 2, p. 24) 
“Student Help” boxes 5.9-x=7;-2 6. —11 = —4y + 1;3 7.4 — 3w + 5w=2;-1 
throughout the chapter 
give you study tips and Use the distributive property to rewrite the expression without 
tell you where to look for parentheses. (Review Examples 2 and 3, p. 101) 
extra help in this book 
| and on the Internet. 8. 3(4r + 6) 9. —6(3 — 5z) 10. (—x + 7)(—3) 
Find the terms of the expression. Then simplify the expression by 
combining like terms. (Review Example 3, p. 80 and Example 5, p. 102) 
11. -24+ 3x-—7 12.4a+2-a 13. | — 3x + 4y + 3x 
— Here’sa study § 
STRATEGY strategy! ¢ Learning to Use Formulas 


a sure you know what each variable means in a 
a To study for tests, it ig helpful to write a 
ormula on ohe side of a3 x 5 card anda sample 


the other side. There 
ulas on page 813. 


problem using that formula on 
Is also a helpful Table of Form 


Chapter 3 


© ACTIVITY 3.1 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
algebra tiles 


i. Look Back 


For help with zero 
pairs, see p. 78. 


" Group Activity for use with Lesson 3.1 
Modeling 
One-Step Equations 


> QUESTION How can you use algebra tiles to solve one-step equations? 


> EXPLORING THE CONCEPT: SOLVING x + 5 = —2 
1) Model the equation x + 5 = —2.A +t represents the unknown value x. 
(2) To find the value of x, get the x-tile by itself on the left side of the equation. 


You can undo the addition by subtracting 5. Be sure to subtract the same 
amount on each side of the equation, so that the two sides stay equal. 


-Seaaee 
TE SNESIESESIES 


First add 5 zero pairs 
so you can subtract 5. 


3) The resulting equation shows the value of x. So,x = 2. 


> EXPLORING THE CONCEPT: SOLVING x — 3 = 2 


4.) Model the equation x — 3 = 2. 5) To get the x-tile by itself, add 3 to 
each side to undo the subtraction. 


GBB B=-++ GBS B=++ 
You can model the 
subtraction with —1-tiles 
because x — 3=x + (—3). 


6) Group positive and negative tiles to make zero pairs. What are the remaining 
tiles on each side of the equation? So, x = _2.. 


> DRAWING CONCLUSIONS 


Use algebra tiles to model and solve the equation. Sketch each step you use. 
1x%+4=6 2.x+5=3 Sh ear = = Il 4.x+3=-3 
5rx— I= "5 6.x -—6=2 7.x-7=-4 Sioa — i) 


9. What operation do you use to solve an addition equation? to solve a 
subtraction equation? 


10. A student solved the equation x + 3 = —4 by subtracting 3 on the left side of 
the equation and got x = —4. Is this the correct solution? Explain. 


3.1 Concept Activity 


What. you should learn 
Solve linear 


equations using addition 
and subtraction. 


iy Use linear 


equations to solve real-life 
problems such as finding a 
record temperature change 
in Example 3. 


Why you should learn it 


Vv To model real-life situ- 
ations, such as comparing 
the sizes of city parks 


in Exs. 52 and 53. 
~~ 


Solving Equations Using 
Addition and Subtraction 


PGOAL 1) ADDITION AND SUBTRACTION EQUATIONS 


You can solve an equation by using the transformations below and on page 138 
to isolate the variable on one side of the equation. When you rewrite an equation 
using these transformations, you produce an equation with the same solutions as 
the original equation. These equations are called equivalent equations. For 
example, x + 3 = 5 and x = 2 are equivalent because x + 3 = 5 can be 
transformed into x = 2 and each equation has 2 as its only solution. 


To change, or transform, an equation into an equivalent equation, think of an 
equation as having two sides that are “in balance.” 


“ma |4 | 


Original equation: Subtract 3 from both sides Simplify both sides. 
xX+3=5 to isolate x on the left. Equivalent equation: x = 2 
Scale stays in balance. 
Any transformation you apply to an equation must keep the equation in balance. 
For instance, if you subtract 3 from one side of the equation, you must also 
subtract 3 from the other side of the equation. Simplifying one side of the 
equation does not affect the balance, so you don’t have to change the other side. 


TRANSFORMATIONS THAT PRODUCE EQUIVALENT EQUATIONS 


ORIGINAL EQUATION 
x-3=5 


EQUIVALENT EQUATION 


Add the same number Add 3. = x-3 


to each side. 


Subtract the same x+6= 10 x=4 


number from each side. 


Subtract 6. i} 


x — 83 x=5 


Simplify one or both 
sides. 


Simplify. > 


Interchange the sides. 7=x Interchange. = xX=7 


Inverse operations are operations that undo each other, such as addition and 
subtraction. Inverse operations help you to isolate the variable in an equation. 


Chapter 3. Solving Linear Equations 


PEXAMPLE 1) Adding to Each Side 


Look Back 


For help with checking Solve x — 5 = —13. 
whether a number is a 
solution, see p. 24. SOLUTION 
Ne 
cg HOMEWORK HELP On the left side of the equation, 5 is subtracted from x. To isolate x, you need to 
Visit our Web site 


undo the subtraction by applying the inverse operation of adding 5. Remember, 


mcd llittell. . 
iia Nace read to keep the balance you must add 5 to each side. 


for extra examples. 
x-5=-13 Write original equation. 


x-54+5=-134+5 Add 5 to each side. 


x=-8 Simplify. 
> The solution is —8. Check by substituting —8 for x in the original equation. 
/ CHECK 
x—-5=——13 Write original equation. 


—-8-52-13 Substitute —8 for x. 


—13 =—-13 Solution is correct. 


Each time you apply a transformation to an equation, you are writing a 
solution step. Solution steps are written one below the other with the equals 
signs aligned. 


GEE Simplitying First 


Solve —8 =n — (—4). 


EG | Seumow 
Study Tip —8 =n-—(-4) Write original equation. 


After you solve an 


equation, check by ne simaplity. 

substituting into the —-8-4=n+4-4 Subtract 4 from each side. 

original equation. 

To check Example 2, —12=n Simplify. 

substitute —12 for 

nintheequaton = = “""*"***** 

—8 = n-— (—4), notin : : ; : ; - . 
the simplified equation The equations in this chapter are called linear equations. Ina linear equation 
—8=n+4. the variable is raised to the first power and does not occur in a denominator, 


inside a square root symbol, or inside absolute value symbols. 


LINEAR EQUATION NOT A LINEAR EQUATION 
x+5=9 y+ 5=9 
—4+n=2n-6 Jx+3| =7 


In Chapter 4 you will see that linear equations get their name from the fact that 
their graphs are straight lines. 


3.1 Solving Equations Using Addition and Subtraction 


PGOAL 2) USING LINEAR EQUATIONS IN REAL-LIFE PROBLEMS 


Bi Lin. GEE) Modeling a Real-Life Problem 
+» 


Several record temperature changes have taken place in Spearfish, South Dakota. 
On January 22, 1943, the temperature in Spearfish fell from 54°F at 9:00 A.M. to 
—4°F at 9:27 A.M. By how many degrees did the temperature fall? 


SOLUTION 
VERBAL Temperature| | Temperature D fall 
MODEL at 9:27 A.M. |~| at 9:00 A.M. | ~~~S8rees fallen 
+ 
LABELS Temperature at 9:27 A.M. = —4 (degrees Fahrenheit) 
Temperature at 9:00 A.M. = 54 (degrees Fahrenheit) 
SEE Degrees fallen = 7 (degrees Fahrenheit) 
Study Ti | 
When areas a ALGEBRAIC —-4=54- T Write algebraic model. 
oe MODEL 
ecuaHon, ifyou geta —4—-—54=54-T-— 54 Subtract 54 from each side. 
solution such as —x = 9, 
remember that this is the —58 = -T Simplify. 
same as saying “the 
opposite of xis 9” or “xis 58 =T Tis the opposite of —58. 
the opposite of 9," which 
you can write as x = —9. > The temperature fell by 58°. Check this in the original statement of the 
problem. 


EXAMPLE 4 ] Translating Verbal Statements 


Match the real-life problem with an equation. 
x—-4=16 x+16=4 16-x=4 


a. You owe $16 to your cousin. You paid x dollars back and you now owe $4. 
How much did you pay back? 


b. The temperature was x°F. It rose 16°F and is now 4°F. What was the original 
temperature? 


c. A telephone pole extends 4 feet below ground and 16 feet above ground. 
What is the total length x of the pole? 


SOLUTION 
a. Original amount owed (16) — Amount paid back (x) = Amount now owed (4) 
b. Original temperature (x) + Degrees risen (16) = Temperature now (4) 


c. Total length (x) — Length below ground (4) = Length above ground (16) 


Chapter 3 Solving Linear Equations 


GUIDED PRACTICE 


Vocabulary Check J 1. Two equations that have the same solutions are called _?_ equations. 
Concept Check J 2. Show how to check the solution found in Example 3. 


3. Explain each solution step for the equation —3 — x = 1. Use the Study Tip 
and Example 3 on page 134 to help. 


Skill Check / Solve the equation. 
4.r+3=2 5.9=x-4 6.7+c=—10 
7.-3=b-6 8.8 —x=4 9.r—(—-2)=5 


% SPENDING IVIONEY You started with some money in your pocket. All 
you spent was $4.65 on lunch. You ended up with $7.39 in your pocket. 


10. Write an equation to find how much money you started with. 
11. Describe the transformation you would use to solve the equation. 


12. Solve the equation. What does the solution mean? 


PRACTICE ano APPLICATIONS 


_ a STATING THE INVERSE State the inverse operation. 
Extra Practice 13. Add 28. 14. Add 17. 15. Subtract 15. 16. Subtract 3. 
to help you master 
skills is on p. 799. 17. Add —3. 18. Add — 12. 19. Subtract —45. 20. Subtract -25. 


SOLVING EQUATIONS Solve the equation. 


21.x=4-7 22.x+5=10 23.1-2=6 
24.11=r—4 25.-9=2+y 26.n —5 = —-9 
27.-3+x=7 28.2=a-1 29. r+ 34 = 25 
30. t— (-4) =4 31. |-6|+ y=11 32. |-8|+x=-3 
33. 19 — (—y) = 25 34. |2|-— (-b) = 35.x+4-3=6°5 
36. —b = 8 37.12 -6=—n 38.3 —a=0 
39.4=—-b- 12 40. —3 = —a+ (-4) 41. —r— (-7) = 16 


MIATCHING AN EQUATION In Exercises 42-44, match the real-life problem 
with an equation. Then solve the problem. 


_ aa A.x+15=7 B.15—x=7 C.154+7=x D.x+15=—7 
HOMEWORK HELP 


9 
Example 1: Exs. 13-29 42. You own 15 CDs. You buy 7 more. How many CDs do you own now? 


Example 2: Exs. 30-35 43. There are 15 members of a high school band brass section. After graduation 


Example 3: Exs. 36-49 there are only 7 members. How many members graduated? 
Example 4: Exs. 42-49 


44. The temperature rose 15 degrees to 7°F. What was the original temperature? 


3.1. Solving Equations Using Addition and Subtraction 


FOCUS ON 
CAREERS 
™ BiG ie 


eel 
~ “ Pe a 


Jee 

ys Possible duties of 
a park ranger include 
gathering and presenting 
historical or scientific 
information, managing 
resources, guiding tours, 
and maintaining order 
and safety. 


ANE, 
4c CAREER LINK 


www.mcdougallittell.com 


SOLVING EQUATIONS Write and solve an equation to answer the question. 


45. % VIDEO PRICES The selling price of a certain video is $7 more than the 
price the store paid. If the selling price is $24, find the price the store paid. 


46. % TRACK Jackie Joyner-Kersee won a gold medal in the Olympic 
Heptathlon in 1988 and in 1992. Her 1992 score was 7044 points. This was 
247 fewer points than her 1988 score. What was her 1988 score? 


47. % BASEBALL STADIUMS Turner Field in Atlanta, GA, has 49,831 seats. 
Jacobs Field in Cleveland, OH, has 43,368 seats. How many seats would 
need to be added to Jacobs Field for it to have as many seats as Turner Field? 


48. % TEST SCORES The last math test that you took had 100 regular points 
and 10 bonus points. You received a total score of 87, which included 9 bonus 
points. What would your score have been without any bonus points? 


49. % COMPUTER TIME The average 12-to-17-year-old spends 645 minutes 
per month on a personal computer. This is 732 fewer minutes per month than 
the average 18-to-24-year-old spends. How many minutes per month does the 
average 18-to-24-year-old spend on a personal computer? 
> Source: Media Matrix 


CONNECTION Find the length of the side marked x. 


50. The perimeter is 12 feet. 51. The perimeter is 43 centimeters. 
x x 
3ft 8 cm 
Att 15cm 


®% City Parks In Exercises 52 and 53, use the table that shows the sizes 
(in acres) of the largest city parks in the United States. 


Park (location) Size (in acres) 


Cullen Park (Houston, TX) 


Fairmount Park (Philadelphia, PA) 


Griffith Park (Los Angeles, CA) 
Eagle Creek Park (Indianapolis, IN) 


Pelham Bay Park (Bronx, NY) 
> Source: The Trust for Public Land 


52. You are researching United States city parks. You note that Griffith Park is 
only 418 acres larger than Eagle Creek Park. Write an equation that models 
the size of Eagle Creek Park. Solve the equation. 


53. You note that the largest city park, Cullen Park, is only 248 acres smaller 
than the sum of the sizes of Griffith Park, Eagle Creek Park, and Pelham Bay 
Park. Write an equation that models the size of Cullen Park. Solve the 
equation. (Hint: Use the result of Exercise 52.) 


Chapter 3. Solving Linear Equations 


OD 
Test 54. MULTI-STEP PROBLEM The table shows the number of Digital Versatile 
Preparation Disc (DVD) players sold in the first ten months after their release in 1997. 


Month Cumulative sales Sales equation Monthly sales 
March | 5,828 | = — | 5.828 
13,198 5,828 + x = 13,198 
22,254 
31,580 


40,972 
51,401 
68,702 
83,494 
108,897 
158,068 
> Source: INTELECT ASW 


oe ee ee ee ee 


a. Copy the table. For each month, write a sales equation relating cumulative 
and monthly sales. Let x represent the number of players sold that month. 


b. Solve your sales equations to fill in the monthly sales column. 


Cc. Whiting Suppose a DVD player manufacturer started an advertising 
campaign in September. Use your table to judge the campaign’s effect on 
sales. Write a report explaining whether the campaign was successful. 


* Challenge 55. LOGICAL REASONING You decide to see if you can ride the elevator to 
street level (Floor 0) without pushing any buttons. The elevator takes you up 
4 floors, down 6 floors, up 1 floor, down 8 floors, down 3 floors, up 1 floor, 
and then down 6 floors to street level. Write and solve an equation to find 
your starting floor. 


MIXED REVIEW 


TRANSLATING VERBAL SENTENCES Write the verbal sentence as an 
equation. (Review 1.5 for 3.2) 


56. Five times a number is 160. 57. A number divided by 6 is 32. 
58. One fourth of a number is 36. 59. A number multiplied by Z is 8. 
SIMPLIFYING EXPRESSIONS Simplify the expression. (Review 2.5 and 2.7 for 3.2) 
1 3(_5 : 

60. s(z) 61. gy "8 62. -3(-3 x) 63. —4x + (—4) 

1 7 12 t ‘ 
64. 6(-Z) 65. 12” a 7 66. =a 67. —19a + 19 
DISTRIBUTIVE PROPERTY Apply the distributive property. (Review 2.6) 
68. 4(x + 2) 69. 7(3 — 2y) 70. —5(—y — 7) 71. (3x + 8)(—2) 
72. —x(x — 6) 73. —5x(y + 3) 74. 2y(8 — Ty) 75. (—3x — 9y)(—6y) 


3.1 Solving Equations Using Addition and Subtraction 


What you should learn 
Solve linear 


equations using multiplication 
and division. 


cy Use multiplication 


and division equations to 
solve real-life and geometric 
problems as in Example 4. 


Why you should learn it 


Vv To model and solve 
real-life problems, such as 
finding how far away you 
are from a thunderstorm 


in Exercise 54. 
Ss 


Solving Equations Using 
Multiplication and Division 


PGOAL 1) MULTIPLICATION AND DIVISION EQUATIONS 


In this lesson you will study equations that can be solved by multiplying or 
dividing each side by the same nonzero number. 


Remember, when you solve a linear equation your goal is to isolate the variable 
on one side of the equation. In the last lesson you used the fact that addition and 
subtraction are inverse operations to solve linear equations. In this lesson you will 
use the fact that multiplication and division are inverse operations. 


TRANSFORMATIONS THAT PRODUCE EQUIVALENT EQUATIONS 


ORIGINAL EQUATION EQUIVALENT EQUATION 


¢ Multiply each side of the 
equation by the same 


Multiply by2. 5 x=6 


nonzero number. 

¢ Divide each side of the 
equation by the same 
nonzero number. 


Divideby4. = x=3 


GIVE Dividing Each Side of an Equation 


Solve —4x = 1. 


SOLUTION 


On the left side of the equation, x is multiplied by —4. To isolate x, you need to 
undo the multiplication by applying the inverse operation of dividing by —4. 


—4x = 1 Write original equation. 
—4x_ 1 — : = 
= ter Divide each side by —4. 
x= = Simplif 
4 implify. 
> The solution is i. Check this in the original equation. 
/ CHECK 
—4y = 1 Write original equation. 
(-4)(-4) 21 Substitute +} for x. 
1=1 Solution is correct. 
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P EXAMPLE 2 | Multiplying Each Side of an Equation 


Solve = = —30. 


SOLUTION 


On the left side of the equation, x is divided by 5. You can isolate x by 
multiplying each side by 5 to undo the division. 


4 = —30 Write original equation. 
3(2) = 5(—30) Multiply each side by 5. 
x = —150 Simplify. 


R Look Back For When you solve an equation with a fractional coefficient, such as 10 = £m, 


help with reciprocals, } ; je ; : 
see page 108. you can isolate the variable by multiplying by the reciprocal of the fraction. 


GEESE Multiplying Each Side by a Reciprocal 


Sve 10S =a, 


3 
SOLUTION 
10 = -« Write original equation. 
(-)10 = (-3)( 5m) Multiply each side by -3. 
-15=m Simplify. 


The transformations used to isolate the variable in Lessons 3.1 and 3.2 are based 
on rules of algebra called properties of equality. 


_ CONCEPT _ 
SUMMARY 


PROPERTIES OF EQUALITY 


ADDITION PROPERTY OF EQUALITY Ifa=b,thena+c=b+t+e. 
SUBTRACTION PROPERTY OF EQUALITY Ifa=b,thena—c=b-c. 
MULTIPLICATION PROPERTY OF EQUALITY _ If a= b, then ca= cb. 


DIVISION PROPERTY OF EQUALITY If a= bandc #0, then 2 = 2 


You have been using these properties to keep equations in balance as you solve 
them. For instance, in Example 2 you used the multiplication property of equality 
when you multiplied each side by 5. 


3.2 Solving Equations Using Multiplication and Division 


RS «= G28 sowvine REAL-Lire PROBLEMS 


EXAMPLE 4) Modeling a Real-Life Problem 


RESTORING IMIOVIES A single picture on a roll of movie film is called a frame. 
Motion picture studios try to save some older films from decay by cleaning and 
restoring the film frame by frame. This process is very expensive and time-consuming. 


a. The usual rate for taking and projecting professional movies is 24 frames per 
second. Find the total number of frames in a movie that is 90 minutes long. 


b. If a worker can restore 8 frames per hour, how many hours of work are 
needed to restore all of the frames in a 90-minute movie? 


SOLUTION 


a. Let x = the total number of frames in the movie. To find the total number of 
seconds in the movie, multiply 90 + 60 because each minute is 60 seconds. 


Total number of frames in the movie 


L, Pic “ MOVIE FRAMES Total number of seconds in the movie _ Number of frames per second 
ss A motion picture 
camera takes a series of = 24 
separate pictures as frames. 5400 
These are projected in rapid > The solution is x = 129,600, so a 90-minute movie has 129,600 frames. 
sequence when the movie 
is shown. b. Let y = the number of hours of work and use the result from part (a). 

Number of frames | Numberof _ Total number of 


restored perhour hours of work frames in the movie 


8+ y = 129,600 
> The solution is y = 16,200, so 16,200 hours of work are needed. 


You can model some real-life situations with an equation that sets two 
ratios equal. If a and b are two quantities measured in the same units, then 


the ratio of a tob is . 


Two triangles are similar triangles if they have equal corresponding angles. It 
can be shown that this is equivalent to the ratios of the lengths of corresponding 
sides being equal. Corresponding angles are marked with the same symbol. 


a E 
Sides ABandDE—~—~—=«wY 
B correspond. 


Sides AC and DF 


correspond. 
=e a a F 
Sead length of AB length of AC 
For help with ratios The pais equal to the ratio i sk 
and rates, see p. 787. length of DE length of DF 
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PEXAMPLE 5 ] Solving Problems with Similar Triangles 


GEOMETRY CONNECTION The two triangles C 
are similar. What is the length of side AB? 


SOLUTION 10 in. 
Set up equal ratios to find Pay 
the unknown side length. 


F 
5 in. 
A x B OD Tin. E 


VERBAL LengthofAB _| Length of BC 
MODEL —— — 
Length of DE Length of EF 


LABELS Length of AB = x (inches) 

Length of DE =7 (inches) 

Length of BC = 10 (inches) 

| Length of EF =5 (inches) 
esas ad = 10 Write algebraic model. 


7 5 
1(2) = (2) Multiply each side by 7. 
x= 14 Simplify. 


> The length of AB is 14 inches. 


GUIDED PRACTICE 


Vocabulary Check J 1. Name two pairs of inverse operations. 
Concept Check J 2. Describe six ways to transform an equation into an equivalent equation. 


3. What is the first step you would use to solve each equation in Exercises 4—7? 


Skill Check / Solve the equation. 


_ Ds JF = By a 

4. 6x = 18 5.5 = 8 6. = 20 7. 3a = —10 
=, ye = aoee a deo a 
8. —7b=—A 9. —3x =5 10. -31=-6 Wax =F 


12. 7) CAR TRIPS Write and solve an equation to find your average speed on a 
trip from St. Louis to Dallas. You drove 630 miles in 105 hours. 


13. The two triangles are similar 
triangles. Write and solve an . 3 
equation to find the unknown 


side length. 


3.2 Solving Equations Using Multiplication and Division 


PRACTICE anp APPLICATIONS 


COCO EERE HOHE EEE EEE EEE EEE HEHE EEE EEE EEE EEEE EEE EEEEEEEEEEEHIEE EEE EEE EEEEE EEE EEEEE EEE EEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


_ ae STATING INVERSES State the inverse operation. 

Extra Practice 14. Divide by 6. 15. Multiply by —2. 16. Divide by —4. 
to help you master 
skills is on p. 799. 17. Multiply by 4. 18. Multiply by 5. 19. Divide by —5. 


EQUIVALENT EQUATIONS Tell whether the equations are equivalent. 


20. —4x = 44 andx = 11 21. 21x = 7andx = 3 
22, += —4 and x = —40 23. 2x =A jade 16 


SOLVING EQUATIONS Solve the equation. 


24. 10x = 110 25. —21m = 42 26. 18 = —2a 
27. 30b = 5 28. —4n = —24 29. 288 = 16t 
30. 7r = —56 31. 8x = 3 32. —10x = —9 
FET (33.5 = 12 34.5 = —5 35. 5x = —20 
ite wt 8 24 
36. 3y = 82 37. = a 38. 0 5d 
es ee Sa eee 
39. c= 72 40. —<y = —6 41.25 =5 
2,—_ 3,— 51 1 «2 
42. 3t = 16 43. ae 55 44. 3y 53 
45. 31 = |-15| 46. 4b = - |-8| 47. —6y = —|27]| 
de NEWSPAPERS 48. % BUNDLING NEWSPAPERS You are loading a large pile of newspapers 
S Each week the onto a truck. You divide the pile into four equal-size bundles. You find that 
average household reads one bundle weighs 37 pounds. You want to find the weight x of the original 
five pounds of newspapers. pile. Which equation models the situation? Solve the correct equation. 
> Source: Newspaper x 
Association of America A. ia 37 B. 4x = 37 


‘4 MODELING REAL-LIFE PROBLEMS In Exercises 49-53, write and solve 
an equation to answer the question. 


49. Each household in the United States receives about 676 pieces of junk mail 
per year. About how many pieces does a household receive per week? 


50. About one eighth of the population is left-handed. In what size school would 
you expect to find about 50 left-handed students? 


[_ 51. You ate three of the eight pizza slices and you paid $3.30 as your share of the 
HOMEWORK HELP 


cost. How much did the whole pizza cost? 
Example 1: Exs. 14-47 


Example 2: Exs. 14-47 52. It takes 45 peanuts to make one ounce of peanut butter. How many peanuts 
Example 3: Exs. 14—47 will be needed to make a 12-ounce jar of peanut butter? 

Example 4: Exs. 48-54 

Example 5: Exs. 58-59 53. A 10,000-square-foot pizza was created on October 11, 1987. This pie was 


eaten by about 30,000 people. On average, how much did each person eat? 
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FOCUS ON 54. ‘4 THUNDERSTORMS You can tell how many miles you are from a 
APPLICATIONS 


thunderstorm by counting the seconds between seeing the lightning and 
hearing the thunder, and then dividing by five. How many seconds would you 
count for a thunderstorm nine miles away? 


55. CRITICAL THINKING Look back at Example 4. For each situation, write a 
different model than the one shown. The solutions should stay the same. 


56. “ GARDENS A homeowner is installing 3x 
a fence around the garden at the right. The 
garden has a perimeter of 216 feet. Write 
and solve an equation to find the garden’s 
dimensions. 


3x 


57. i) BALD EAGLES On page 129 you learned that bald eagles fly up to 
30 miles per hour and dive at speeds up to 100 miles per hour. Using this 


2a THUNDER- information, write and solve an equation to answer each question. 
STORMS You see 
a flash of lightning instantly a. What is the least amount of time that an eagle could take to fly 6 miles? 
ince light travel idl ‘ : . : 
il a anal noe adh a b. An eagle a mile above the water spots a fish. What is the shortest time it 
hear the thanderlatersinee would take the eagle to dive for the fish? Express your answer in seconds. 


sound takes about 5 seconds : : ue 
fo travela milenearihe (}0)\)/1;@ CONNECTION In Exercises 58 and 59, the two triangles are similar. 


ground. Write and solve an equation to find the length of the side marked x. 


58. 59. 4in. 


12 in. 


10 ft 


 CooKING In Exercises 60 and 61, use the recipe shown below. 


60. You have only 3 cups of rice, so 


you decrease the recipe. To find FRIED RICE 

the amount of each ingredient, 

you can write an equation that \ tablespoon vegetable oil 

sets two ratios equal. For the rice \/Z cup chopped bamboo shoots 
. 3cups 3 \/Z cup chopped mushrooms 

you can use the ratio aoups 4 acto roceed Cale 

that compares the reduced 4 cups cooked rice 

amount to the original amount. { cup cooked diced chicken 


1/Z cup chicken broth 


Choose and solve the equation BENE 


you can use to find the number of 


_ ae teaspoons of soy sauce. 
N. 
eet HOMEWORK HELP 2 2 3 


22 22% 
c Visit our Web site a BA 
www.mcdougallittell.com ; : : : 
for help with Exs. 60 61. You have 5 cups of rice, so you increase the recipe. Write and solve an 
and 61. equation to find the amount of chicken. 


3.2 Solving Equations Using Multiplication and Division 


Obs 
Test 65) 62. MIULTIPLE CHOICE What is the first step you would use to solve ; = —7x? 


Preparation 
P @) Divide by 4. Multiply by 4. 


C Multiply by —7. @)> Divide by —7. 
63. MULTIPLE CHOICE Solve 2 = —2. 


@ ze & -t Q? Or 


64. IULTIPLE CHOICE Which of the triangles below are similar triangles? 


@D Land I I and III C&) I and Ill D> None 


* Challenge 65. % ATTENDANCE In 1997, the average home attendance at New York 
Yankees’ baseball games was a little more than 150% of the average home 
attendance at Anaheim Angels’ baseball games. The average home attendance 
at New York Yankees’ baseball games was about 33,000. Write and solve an 


equation to estimate the average home attendance at Anaheim Angels’ 
www.mce dougallittell.com baseball games. > Source: ESPN 1998 Information Please® Sports Almanac 


MIxeD REVIEW 


COCO O SOE E HEHEHE EEE EEE EEE EEEEE ET EE TEETH EE EEE EEE TEESE EE EEEE TEESE EEE EE EE ESET EE ESE EEE TESTE O EEE EEEEHEEEEEEEEEEEEEEEHEHESEEEEEEEES 


TRANSLATING VERBAL SENTENCES Write the verbal sentence as an 
equation. (Review 1.5 for 3.3) 


66. The sum of 18 and five times a number is 108. 
67. Twelve less than nine times a number is 60. 
68. Five more than two thirds of a number is 11. 


69. Eleven is two fifths of the quantity n decreased by thirteen. 


SIMPLIFYING EXPRESSIONS Simplify the expression. (Review 2.6 for 3.3) 


70. 15 = 8x + 12 71. 4y — 9 + 3y 72. (x + 8)(—2) — 36 
73. 5(y + 3) + Ty 74. 12x — (x — 2)(2) 75. —25y — 6(—y — 9) 
SOLVING EQUATIONS Solve the equation. (Review 3.1) 

16.4+y=12 71.t-2=1 78.5-(-) =14 
79.x —2= 28 80. 19 — x = 37 81. —9 — (-a) = -2 


82. % PHOTOGRAPHY You take 24 pictures. Seven of the pictures cannot be 
developed because of bad lighting. Let x represent the number of pictures that 
can be developed successfully. Which of the following is a correct model for 
the situation? Solve the correct equation. (Review 3.1) 


A.x + 7 = 24 B.x — 7 = 24 
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Solving Multi-Step Equations 


GV usine Two or More TRANSFORMATIONS 
a susnusaszsevesnsescsnudatverosv¥bscctictmsettvelsisbesiscecvlssasbintsoW snes OHO 


Use two or more 
transformations to solve an 
equation. 


Solving a linear equation may require two or more transformations. Here are 
some guidelines. 

Neemmiarien ¢ Simplify one or both sides of the equation (if needed). 

equations to solve real-life ¢ Use inverse operations to isolate the variable. 
problems, such as finding the 

temperature inside the Earth 


in Example 7. 
in Example P EXAMPLE 1) Solving a Linear Equation 
Why you should learn it 


WY To model and solve real- Solve ax +6= —-8. 
life problems, such as the 


fountain problem in 
Exercise 58. a Lig SOLUTION To isolate the variable, undo the addition and then the multiplication. 
m 


an +6=—-8 Write original equation. 


ax +6-6=-8-6 Subtract 6 from each side. 


ax =—-14 Simplify. 


3(3x) = 3(-14) Multiply each side by 3. 


x = —42 Simplify. 


P EXAMPLE 2] Combining Like Terms First 


Solve 7x — 3x — 8 = 24. 


SOLUTION 
Tx — 3x — 8 = 24 Write original equation. 
4x —-8 = 24 Combine like terms. 


4x-8+8=24+8 Add 8 to each side. 


4x = 32 Simplify. 
= = = Divide each side by 4. 
x=8 Simplify. 


> The solution is 8. When you check the solution, substitute 8 for each x in the 
original equation. 


3.3 Solving Multi-Step Equations 


Y EXAMPLE 3 } Using the Distributive Property 


Solve 5x + 3(x + 4) = 28. 


SEE SOLUTION 
Look Back Method 1 Show All Steps Method 2 Do Some Steps Mentally 


For help with the 


distributive property and Sx + 3(x + 4) = 28 Sx + 3 + 4) = 28 
combining like terms, Sy 44 19 = 98 Ae = Oe 
see pp. 100-102. 
8x + 12 = 28 8x + 12 = 28 
8x + 12 — 12 = 28 — 12 8x = 16 
8x = 16 x=2 
8x _ 16 
8 «68 
x=2 


EXAMPLE 4 } Distributing a Negative 
Solve 4x — 3(x — 2) = 21. 


SOLUTION 
4x — 3(x — 2) = 21 Write original equation. 
4x —3x +6=21 Use distributive property. 
x+6=21 Combine like terms. 


x= 15 Subtract 6 from each side. 


EXAMPLE 5 } Multiplying by a Reciprocal First 


Solve 66 = Xx 43), 


SOLUTION 
It is easier to solve this equation if you don’t distribute -2 
[_ 66 = 2x + 3) Write original equation. 
Study Tip 
Before you apply the (-§) 66) = (-2)( 3 x+3 Multiply by reciprocal of —& 
distributive property, 6 a0) 6/\ 5 ( ) eas 5° 
examine the equation. _ 5c err 
Although you can ae Stinplity, 
distribute in Example 5, —58 =x Subtract 3 from each side. 
multiplying by the 
reciprocaliseasier, = = ‘“""****""? 
because it clears the 
equation of fractions. Solving equations systematically is an example of deductive reasoning. Notice 


how each solution step is based on number properties or properties of equality. 
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FOCUS ON 
CAREERS 


Je EMERGENCY 
Ss 


MEDICAL 
TECHNICIANS 
EMTs quickly evaluate and 
respond to a patient's 
condition. For instance, 
quick treatment of hypo- 
thermia may prevent heart 
and breathing rates from 
becoming dangerously low. 


KBE? 
4c CAREER LINK 
www.mcdougallittell.com 


PGOAL 2) SOLVING REAL-LIFE PROBLEMS 


EXAMPLE 6 } Using a Known Formula 


CHECKING VITAL SIGNs A body temperature of 95°F or lower may indicate the 
medical condition called hypothermia. What temperature in the Celsius scale may 
indicate hypothermia? 


The Fahrenheit and Celsius scales are related by the equation F = 2c AR BZ. 


SOLUTION Use the formula to convert 95°F to Celsius. 


Fe= 2c + 32 Write known formula. 


95 = 2c + 32 Substitute 95° for F. 
63 = 2c Subtract 32 from each side. 

_ 7 5 3 9 
35=C Multiply by 9, the reciprocal of 5. 


> A temperature of 35°C or lower may indicate hypothermia. 


Using a Verbal Model 


SCIENCE CONNECTION The temperature Crust 
within Earth’s crust increases about 0—40 km 
30° Celsius for each kilometer of depth Mantle 
beneath the surface. If the temperature Outer Core 
at Earth’s surface is 24°C, at what Inner Core 


depth would you expect the 
temperature to be 114°C? 


SOLUTION 
VERBAL Temperature Temperature Rate of Depth 
MODEL inside —| atEarth’s | + | temperature|. below 
Earth surface increase surface 
LABELS Temperature inside Earth = 114 (degrees Celsius) 
Temperature at Earth’s surface = 24 (degrees Celsius) 
Rate of temperature increase = 30 (degrees Celsius per kilometer) 


Depth below surface = d (kilometers) 


ALGEBRAIC 114 = 24+ 30-d 
MODEL 


> The solution is d = 3. The temperature will be 114°C at 3 kilometers deep. 


3.3 Solving Multi-Step Equations 


GUIDED PRACTICE 


SOCCER OREO OHHH E THEE EE EEE EEE EEE EEE EEE EEE EEE EEE E HEE E EEE EE TEETH EEE EEE EEE EEE EEE EEE EEEE HEHE EEE EEE EEEEEE EEE OEE EE EEE EEE 


Concept Check J 1. LOGICAL REASONING Copy the 


; : Solution Steps Explanation 
solution steps shown.Then, in the 
right-hand column, describe the ox Lae Original Equation 
transformation that was used in each 
step. (Lists of types of transformations = = 9 


are shown on pages 132 and 138.) 


2. For which equations in Exercises 6—8 @ 
would you use the distributive property 6 
first when solving? Explain. 5 


Skill Check / In Exercises 3-8, solve the equation. Show how to check your solution. 


Se = 44 4.5x-9=11 ee ee ee 


6. 5(x — 7) = 90 7. (+ 6) = 12 8. 6x — 4(—3x + 2) = 10 


9. % SUMMER JOB You have a summer job running errands for a local 
business. You earn $5 per day, plus $2 for each errand. Write and solve an 
equation to find how many errands you need to run to earn $17 in one day. 


PRACTICE anp APPLICATIONS 


CORPO EEE EEE EEE EEE EEE EE EEE EE EEE EEE EEE SEES EE EEEEE EEE EEEEE SEES EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SEES 


CHECKING SOLUTIONS Check whether the given number is a solution of 
: the equation. 
Extra Practice 


to help you master AY, 3 ye . 
skills is on Dp. 799. 10. 9x — 5x - 19 = 21; —10 11. 4° rl= 8; 12 
12. 6x — 4(9 — x) = 106; 7 13. 7x — 15 = —1; -2 
1 Sede xX _ 4 _ 43. 
14. at 7= —4;6 15. 4 7 = 13; 24 
SOLVING EQUATIONS Solve the equation. 
16. 2x + 7 = 15 17. 3x -—1=8 18.3 -5=-1 
19, X + 13 = 20 20. 30 = 16 + tx 21.6 = 14 —2x 
Qe. ae = 1 
_ ee 22.7 + sx=—1 2.33 77= 6 24, 22 = 18 — 4x 
HOMEWORK HELP 
Example 1: Exs. 16-36 25. 8x — 3x = 10 26. —7x + 4x =9 27.x+5x-5=1 
Example 2: Exs. 10-40 
Example 3: Exs. 16-40 28. 3x —-7+x=5 29. 3(x _ 2) = 18 30. 12(2 = x) =6 
Example 4: Exs. 37-40 9 4 
Example 5: Exs. 16-36 31. race +3)=27 32. 92x — 4) = 48 33. 17 = 2(3x + 1) —x 
Example 6: Exs. 57-58 
Pp 
ici 34, X43 = 23 35. -10=4- 2 36. -10=4x +x 
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SOLVING EQUATIONS Solve the equation. 
37. 5m — (4m — 1) = -12 38. 55x — 3(9x + 12) = —64 
39. 22x + 2(3x + 5) = 66 40. 9x — 5(3x — 12) = 30 


ERROR ANALYSIS In Exercises 41-43, find and correct the error. 


41. 


44, LOGICAL REASONING Solve the equation —6x + 3(4x — 1) = 9. Organize 
your work into two columns. In the left-hand column show the solution steps. 
In the right-hand column explain the transformation you used in each step. 


45. Whiting Solve the equation o + 1 = 4 by following each sequence of 
steps described in parts (a) and (b). Which method do you prefer? Explain. 
a. Multiply and then subtract. b. Subtract and then multiply. 


CHOOSING A IVIETHOD In Exercises 46-49, solve the equation two different 
ways as in Exercise 45. Explain which method you prefer and why. 


Loe a a 2 zi 
46. ox 5=3 47.35 +6 2 48. —4x --2=4 49. 3x +1 3 


FOCUS ON 50. CONSECUTIVE INTEGERS Consecutive integers are integers that follow each 
APPLICATIONS 


other in order (for example, 5, 6, and 7). You want to find three consecutive 
integers whose sum is 84. 


a. Why does the equation n + (n + 1) + (n + 2) = 84 model the situation? 
b. Solve the equation in part (a). Then find the three consecutive integers. 


51. FIND THE NUMBERS The sum of three numbers is 123. The second number 
is 9 less than two times the first number. The third number is 6 more than 
three times the first number. Find the three numbers. 


JED HARRIS 


OUR TOWN 52. % FARMING PROJECT You have a 90-pound calf you are raising for a 


4-H project. You expect the calf to gain 65 pounds per month. In how many 


THORNTON WILDER months will the animal weigh 1000 pounds? 
FRAN CRAVEN 53. §% HOURS OF LABOR The bill (parts and labor) for the repair of a car was 
"Geo eat ar $458. The cost of parts was $339. The cost of labor was $34 per hour. Write 
Re and solve an equation to find the number of hours of labor. 
« STUDENT 
y_ THEATER Shown 54. CONNECTION In any triangle, the sum of the measures of the 


above is one of the original 
posters for the play Our 
Town. This play has been the 
second most produced high 55. “) STUDENT THEATER Your school’s drama club charges $4 per student 
pati play in the last sixty for admission to Our Town. The club borrowed $400 from parents to pay for 
see costumes, props, and the set. After paying back the parents, the drama club 


> Source: Educational Theatre 
Association has $100. How many students attended the play? 


angles is 180°. In triangle ABC, ZA is four times as large as 2 B. Angle C 
measures 20° less than Z B. Find the measure of each angle. 


3.3 Solving Multi-Step Equations 


56. % HOLIDAY PAY You earn $9 per hour. On major holidays, such as 
Thanksgiving, you earn twice as much per hour. You earned a total of $405 
for the week including Thanksgiving. Write and solve an equation to find 
how many hours you worked on Thanksgiving if you worked 35 hours during 
the rest of the week. 

n 

2 

pounds per square inch) and the maximum distance the water reaches d (in 

feet) for a fire hose with a certain size nozzle. How much pressure is needed 
if such a hose is held 50 feet from a fire? > Source: Fire Department Hydraulics 


po Distance, d ———_| Nozzle pressure, n 


57. % FIREFIGHTING The formula d = = + 26 relates nozzle pressure n (in 


58. % HEIGHT OF A FOUNTAIN Neglecting air resistance, the upward velocity 
of the water in the stream of a particular fountain is given by the formula 
vy =—32t + 28, where ¢ is the number of seconds after the water leaves the 
fountain. While going upward, the water slows down until, at the top of the 
stream, the water has a velocity of 0 feet per second. How long does it take a 
droplet of water to reach the maximum height? 


At maximum height, 
v=0.—~> 


59. % PHOTOCOPYING An office needs 20 copies of a 420-page report. One 
photocopier can copy 1800 pages per hour. Another copier is faster and can 
copy 2400 pages per hour. To find the time it would take the two copiers 
together to complete the project, you can use this verbal model. Assign labels 
to the model to form an equation. Then solve the equation. 


Rate of first 
machine 


Time to 
complete 


Rate of second | || Time to | _ | Total 
machine complete} | pages 


60. CRITICAL THINKING Explain how you can use unit analysis to check that 
the verbal model in Exercise 59 is correct. 


61. % DATA ENTRY A publishing company needs to enter 910 pages it 
received from an author into its word processing system, so the writing can 
be edited and formatted. One person can type 15 pages per hour. Another 
person can type 20 pages per hour. Write and solve an equation to find how 
long it will take the two people working together to enter all of the pages. 


REPRESENTING COIN PROBLEMS In Exercises 62 and 63, use the following 
information. A person has quarters, dimes, and nickels with a total value of 
500 cents ($5.00). The number of nickels is twice the number of quarters. 
The number of dimes is four less than the number of quarters. 


_ ae 62. Explain why the expression 5(2q) represents the value of the nickels if ¢ 
s HOMEWORK HELP 


= represents the number of quarters. How can you simplify the expression? 
Visit our Web site P q y plify p 


www.mcdougallittellcom | 63. Write and solve an equation to find the number of each type of coin. 

for help with work . ; . : . 
problems and coin 64. COIN PROBLEM There are 4 times as many nickels as dimes in a coin bank. 
problems in Exs. 62-64. The coins have a total value of 600 cents ($6.00). Find the number of nickels. 
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EqDr 
Test 83> 65. IULTI-STEP PROBLEM Two student volunteers are stuffing envelopes for a 
8 Pp 
Preparation local food pantry. The mailing will be sent to 560 possible contributors. Luis 
can stuff 160 envelopes per hour and Mei can stuff 120 envelopes per hour. 


a. Working alone, what fraction of the job can Luis complete in one hour? 
in ft hours? Write the fraction in lowest terms. 


b. Working alone, what fraction of the job can Mei complete in ¢ hours? 


c. Write an expression for the fraction of the job that Luis and Mei can 
complete in ¢ hours if they work together. 


d. CRITICAL THINKING To find how long it will take Luis and Mei to 
complete the job if they work together, you can set the expression you 
wrote in part (c) equal to 1 and solve for ¢. Explain why this will work. 


e. How long will it take Luis and Mei to complete the job if they work 
together? Check your solution. 


* Challenge 66. ODD INTEGERS Consecutive odd integers are odd integers listed in order 
such as 5, 7, and 9. Find three consecutive odd integers whose sum is 111. 
Are there three consecutive odd integers whose sum is 1111? Explain. 


MIxeD REVIEW 


COOTER EEE EEE EEE E EEE EE HEHEHE EEE SEH EEE EEEE SEES EEE EEE EEE EEE EEEEEEEEEE EEE EEE EEEEESEEEEESESEEEEEEEEEEEEEEEEEEEEEEEEESEEEEESEES 


WRITING POWERS Write the expression in exponential form. (Review 1.2) 


67. four squared 68. b cubed 69. (a)(a)(a)(a)(a)(a) 

70. 10 71, 229282 72. 3x°3x°3x*3x° 3x 
EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.3, 2.7) 
WASH 3 74,32+44+8 75. 16.9 — 1.5(1.8 + 0.2) 
76.5* (12-4) +7 7. -6 $3 = 405 78. 10 — [4.3 + 216.4 + 8)] 
ie 80.2-8+— yas aa 


82. % BICYCLING If you ride a bicycle 5 miles per hour, how many miles will 
you ride in 45 minutes? (Review 1.1) 


® PROFIT In Exercises 83-85, use the following information. You open a 
snack stand at a fair. The income and expenses (in dollars) for selling each 
type of food are shown in the matrices. (Review 2.4) 


Day1 Income Expenses Day2 Income Expenses 
Hamburgers 72 14 Hamburgers 62 10 
Hot dogs 85 18 Hot dogs 52 11 
Tacos 46 19 Tacos 72 26 


83. What were your total income and expenses for selling each type of food for 
the two days of the fair? 


84. Which type of food had the largest profit? 
85. Which type of food had the smallest profit? 


3.3 Solving Multi-Step Equations 


Quiz 1 Self-Test for Lessons 3.1-3.3 


Solve the equation. (Lessons 3.1, 3.2, and 3.3) 


1.8—y=-9 2x+5=5 3. |-14| +z=12 

- —_ ao 
4. 8b =5 5. 2q = 24 6. = -2 
7.4+10=4 8.i(y +8) =5 9. 25x — 4(4x + 6) = —69 


10. % HISTORY TEST You take a history test that has 100 regular points and 
8 bonus points. You receive a total score of 91, which includes 4 bonus 
points. Write and solve an equation to find the score you would have had 
without the bonus points. (Lesson 3.1) 


11. % TEMPERATURE The temperature is 72°F. What is the temperature in 
degrees Celsius? (Use the equation F = 2c + 32.) (Lesson 3.3) 


APPLICATION LINK 
www.mcedougallittell.com 


a 


History of Stairs 


accommodate the human gait. He came up with 2R + T = 24 inches 
(25.5 in today’s inches) where R = riser height and T = tread width. 


THEN IN 1675, Frangois Blondel, director of France’s Royal Academy of 
Architecture, decided upon a formula for building stairs to 


IN THE 1990S, a group of building code officials adopted the “7-11” | 
rule which states that a riser should be no taller than 7 inches and no see 

shorter than 4 inches, with a minimum tread width of 11 inches. RISER | 
In Exercises 1 and 2 you will compare a traditional staircase } 
with an 8.25-inch riser and a 9-inch tread and a staircase built 


using the 7-11 rule that has a 7-inch riser and an 11-inch tread. 
Each of the staircases has 12 steps. 


1. Sketch and label an individual stair for each staircase. 


2. Sketch and label each staircase. Which staircase is steeper? Which 
design will require more stairs if both need to reach the same height? 


7 


900-1200 


: The pyramid El Castillo in 
Chichen Itza, Mexico 


: Modern escalator 
in New York City 
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a s Group Activity for use with Lesson 3.4 
Modeling Equations pee 
Monae with Variables on Both Sides 


© ACTIVITY 3.4 


GROUP ACTIVITY > QUESTION How can you use algebra tiles to solve an equation with 
Work with a partner. a variable on both the left side and the right side of the equation? 
MATERIALS 

algebra tiles 


> EXPLORING THE CONCEPT 


@ Use algebra tiles to model the equation (2) You want to have x-tiles on only one side 
4x+5=2x+9. of the equation, so subtract 2 x-tiles from 
each side. Write the new equation. 


(3) To isolate the x-tiles, subtract five 1-tiles 4.) You know the value of 2x. To find the value of x, 
from each side. Write the new equation. split the tiles on each side of the equation in half 
to getx = 2. 


> DRAWING CONCLUSIONS 

Use algebra tiles to model and solve the equation. 
1.444+4=3x+7 72, Mie sr 3} = (0) SPs 

3.6% +5 = 3x + 14 A\, Sue oF 2, = IO) ae a 

5. 8x +3 = 7x +3 (ze ae) = Il ap Ske 


7. The model at the left shows the solution of an 
equation. Copy the model. Write the solution step 
and an explanation of the step beside each part of 
the model. 


8. Look back at Step 2. To get x-tiles on only one 
side of the equation you can subtract 4 x-tiles 
from each side instead of subtracting 2 x-tiles 
from each side. How is the result different? Which 
method do you prefer? Why? 


3.4 Concept Activity 


Solving Equations with 
Variables on Both Sides 


PGOAL 1) COLLECTING VARIABLES ON ONE SIDE 
What. you Nc asososcncssonsonencousssunononsncnecnsussecssoenecnsncsvonseccnosencoucesassusosssnasossesorsenssess 


Collect variables Some equations have variables on both sides. To solve such equations, you may 
on one side of an equation. first collect the variable terms on the side with the greater variable coefficient. 


ci. Use equations to 


solve real-life problems such 


as renting video games in T EXAMPLE 1 } Collect Variables on Left Side 


Example 5. 
Why you should learn it Solve 7x + 19 = —2x + 55. 
V To solve real-life SOLUTION Look at the coefficients of the x-terms. Since 7 is greater than —2, 


problems, such as deciding 


aie collect the x-terms on the left side. 
whether to join a rock- 


climbing gym in 7x +19 = —2x +55 Write original equation. 
Exercise 46. See 7x + 19+ 2x = —2x+55+2x Add 2xto each side. 
x 9x + 19 = 55 Simplify. 
9x +19 —-19=55—-— 19 Subtract 19 from each side. 
9x = 36 Simplify. 
a a 2 Divide each side by 9. 
x=4 Simplify. 
v CHECK Tx +19 = —2x + 55 Write original equation. 


7(4) + 19 2 —2(4) + 55 Substitute 4 for each x. 


47 = 47 Solution is correct. 


GATED Collect Variables on Right Side 


Solve 80 — 9y = 6y. 


SOLUTION Look at the coefficients of the y-terms. Think of 80 — 9y as 
80 + (—9y). Since 6 is greater than —9, collect the y-terms on the right side. 


80 — 9y = by Write original equation. 
80 — 9y + 9y = by + 9y Add Sy to each side. 
80 = 15y Simplify. 
15 
_ s = al Divide each side by 15. 
Look Back 
For help with terms of an 16 _ Simplif 
expression, see page 80. 3 y le 


Chapter 3 Solving Linear Equations 


Linear equations do not always have one solution. An identity is an equation 
that is true for all values of the variable. Some linear equations have 
no solution. 


aE GZ Many Solutions or No Solution 
S23) HOMEWORK HELP 


Visit our Web site Solve the equation. 
www.mcdougallittell.com 
for extra examples. 


a. 3(x + 2) =3x+6 bx+2=x+4 


SOLUTION 
a. 3(x + 2) =3x+6 Write original equation. 
3x +6 = 3x +6 Use distributive property. 
6=6 Subtract 3x from each side. 
> All values of x are solutions, because 6 = 6 is always true. The original 
equation is an identity. 
bxt+t2=x+4 Write original equation. 
2<4 Subtract x from each side. 


> The original equation has no solution, because 2 # 4 for any value of x. 


GZVWEE) Solving More Complicated Equations 


Solve the equation. 


a. 4(1 — x) + 3x = —2(x + 1) b. 4(12x + 16) = 10 - 3(@ — 2) 


SOLUTION Simplify the equation before you decide whether to collect the 
variable terms on the right side or the left side of the equation. 


a. 4(1 — x) + 3x = —2(¢ 4+ 1) Write original equation. 
4— 4x 4+ 3x = —2x—2 Use distributive property. 
4-x=-2x-2 Add like terms. 
4+x=-2 Add 2x to each side. 
x=-6 Subtract 4 from each side. 


Study Tip b. 4 (12x + 16) = 10 — 3@ — 2) Write original equation. 


You can multiply by 


the reciprocal first 3x +4= 10-—3x+ 6 Use distributive property. 
in pal) ot Example 3x +4 = 16 — 3x Simplity. 

but distributing the 4 is 

easier here. Before you 6x +4= 16 Add 3x to each side. 
salve, Iaok to see which 6x = 12 Subtract 4 from each side. 


method seems easier. 
x=2 Divide each side by 6. 


3.4 Solving Equations with Variables on Both Sides 


PGOAL 2) SOLVING REAL-LIFE PROBLEMS 


EXAMPLE 5 } Using a Verbal Model 


A video store charges $8 to rent a video game for five days. You must be a 
member to rent from the store, but the membership is free. A video game club in 
town charges only $3 to rent a game for five days, but membership in the club is 
$50 per year. Which rental plan is more economical? 


SOLUTION 
Find the number of rentals for which the two plans would cost the same. 
VERBAL Store Club Club 
Number Number ; 
MODEL . = ‘ 
ra rented ari rented: | ~ ir aad 
—__..,—___~’ es 
| Video store Video club 
LABELS Store rental fee = 8 (dollars per game) 
Number rented = x (games) 
Club rental fee = 3 (dollars per game) 
Club membership fee = 50 (dollars) 
ALGEBRAIC 8> x =3- x +50 Write algebraic model. 
MODEL 
5x = 50 Subtract 3x from each side. 
x= 10 Divide each side by 5. 
If you rent 10 video games in a year, the cost would be the same at either the 
Pg CAREER LINK store or the club. If you rent more than 10, the club is more economical. If you 


Visit our Web site rent fewer than 10, the store is more economical. 


med llittell. . . 
daa stat ws — UNIT ANALYSIS Check that dollars are the units of the solution. 


video game designers. dollars dollars 


conte games = ——— =" games + dollars 


WA CHECK A table can help you check the result of Example 5. 


meme] @[@] @[e[*[ 2] [| 


Cost at store | $16 | $32 | $48 | $64 $96 | $12 | $128 
Cost at club | $56 | $62 | $68 $74 $86 | $92 | $98 
SSS ee 


Store is cheaper. Club is cheaper. 


Chapter 3 Solving Linear Equations 


GUIDED PRACTICE 


Vocabulary Check J 1. Is the equation —2(4 — x) = 2x — 8 an identity? Explain why or why not. 
Concept Check J 2. Decide if the statement is true or false. The solution of x = 2x is zero. 
3. Solve 9(9 — x) = 4x — 10. Explain what you are doing at each step. 


Skill Check / Solve the equation if possible. Does the equation have one solution, is it an 
identity, or does it have no solution? 


4.2x+3=7x 5.12 —2a=—-S5a—-9 6.x-—2x+3=3-x 
7.5x+24=5@-5) 8. (6c +3)=6(c-3) 9. 6y— Gy 6) =S5y—4 


10. % FUNDRAISING You are making pies to sell at a fundraiser. It costs $3 to 
make each pie, plus a one-time cost of $20 for a pastry blender and a rolling 
pin. You plan to sell the pies for $5 each. Which equation should you use to 
find the number of pies you need to sell to break even? 


A. 3x = 20 + 5x B. 3x + 20 = 5x 
C. 3x — 20 = 5x D. 20 — 5x = 3x 


11. Find the number of pies you need to sell to break even in Exercise 10. 


PRACTICE ano APPLICATIONS 


COPECO EEE EEE EEE EEE EEE EEE EE EEE EE EEE EEE EEE E EEE EEE EEE TEESE EE ESSE EEE EEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEESEEEEEE EEE OES 


Revere WRITING Solve the equation and describe each step you use. 
Extra Practice 12. 7 — 4c = 10c 13. —8x + 7 =4x—-—5 
to help you master 
skills is on p. 799. 14.x+2=3x—-—1 16. 71 —y) = —3{y — 2) 
16. +(10a ~ 15) =3-2a 17. 5(y — 2) = -2(12 — 9y) + y 


SOLVING EQUATIONS Solve the equation if possible. 


18. 4x + 27 = 3x 19. 12y + 21 = 9y 20. —2m = 16m — 9 
21. 4n = —28n — 3 22. 12c — 4 = 12c 23. —30d + 12 = 18d 
24. 6 — (—5r) = 5r — 3 25.6s —11=—2s+5 
26. 12p —-7 = —3p + 8 27. —12qg+4= 8q—-6 
28. —7 + 4m = 6m — 5 29. -7+ llg=9—5g 
30. 8 — 9t = 21t — 17 31. 24 — 6r = 6(4 — r) 
32. 3(4 + 4x) = 12x + 12 33. —4(a — 3) = —x 
_ aan 34. 10(—4 + y) = 2y 35. 8a — 4(—5a — 2) = 12a 
HOMEWORK HELP 
Example 1: Exs. 12-41 36. 9(b — 4) — 7b = 5(Bb — 2) 37. —2(6 — 10n) = 10(2n — 6) 
Example 2: Exs. 12-41 1 
Example 3: Exs. 18-41 38. —(8n — 2) = 3 + 10(1 — 3n) 39. 7(12n — 4) =14—-10n 
Example 4: Exs. 12-41 
Examples JENS 0.46 40. (60 + 16s) = 15 +4s 41. 3(24 — 8b) = 2(5b + 1) 


3.4 Solving Equations with Variables on Both Sides 


FOCUS ON 
CAREERS 


Jes ARCHITECT 
Ss Designing a building 
that is functional, attractive, 
safe, and economical 
requires teamwork and 
many stages of planning. 
Most architects use 
computers as they write 
reports and create plans. 


KANE; 
<p) CAREER LINK 


www.mcdougallittell.com 


ERROR ANALYSIS In Exercises 42 and 43, describe the errors. 
42. 


44. CRITICAL THINKING A student Uy = 2) = -y + By -14 
was confused by the results when 7Ty-4=Ty-14 
solving this equation. Explain what Ty =a, 
the result means. MY 


45. % COMPUTER TIME A local computer center charges nonmembers $5 per 
session to use the media center. If you pay a membership fee of $25, you pay 
only $3 per session. Write an equation that can help you decide whether to 
become a member. Then solve the equation and interpret the solution. 


46. % ROCK CLIMBING A rock-climbing gym charges nonmembers $16 per 
day to use the gym and $8 per day for equipment rental. Members pay a 
yearly fee of $450 for unlimited climbing and $6 per day for equipment 
rental. Write and solve an equation to find how many times you must use the 
gym to justify becoming a member. 


+") TALL BUILDINGS In Exercises 47-49, use the following information. 
In designing a tall building, many factors affect the height of each story. How the 
space will be used is important. At the Grand Gateway at Xu Hui in Shanghai, the 
lowest 7 stories have a combined height of about 126 feet. These stories next to a 
shopping mall are unusually tall. The building’s other 43 stories have a more 
typical height. If the average height of the other stories had been used for the 


lowest 7 stories, then the building could have fit about ou more stories. 


> Source: Callison Architecture. (Actual dimensions have been simplified.) 


Combined height of Number of other Average height | __ 
: + : . : = 
lowest 7 stories stories of other stories 


Possible number Average height 


of stories of other stories 


47. Explain why you would use 


534 for the “possible number 
penthouse 
of stories” in the verbal model. 


p 


8. Let 4 represent the average 
height of the other stories. 
Finish assigning labels and 
write the algebraic model. 


other 
stories 


49. Solve the equation. Be sure to 
simplify the answer. About 
how many feet tall are the 
stories above the 7th floor? 


lowest 
7 stories 


Chapter 3 Solving Linear Equations 


Obs 
Test és) 50. MULTIPLE CHOICE Which equations are equivalent? 


Preparation ees, ios = 5, i 30% Sex 
@D) | and Il Il and Il © All @®> None 
51. MULTIPLE CHOICE Which equation has more than one solution? 
@ 18y + 13 = 12y — 25 ® by — By — 6) = —14 + 3y 


© -F30x — 18) = 9 = 15x BD L(2x- 5) = 3x47 


52. MULTIPLE CHOICE Solve x7 +5) =3x—5. 
@® 15 - © 10 Oz 


* Challenge ® SUBSCRIPTIONS In Exercises 53 and 54, use the table. It shows monthly 
expenses and income of a magazine for different numbers of subscribers. 


Income $75 | $150 | $225 | $300 | $375 | $450 | $525 | $600 
Expenses $150 | $200 | $250 | $300 | $350 | $400 | $450 | $500 


53. EXPLAINING A PATTERN Look for patterns in the table. Write an equation 
that you can use to find how many subscribers the magazine needs for its 


income to equal its expenses. 
www.mcdougallittell.com 54. Explain how to use the table to check your answer in Exercise 53. 


MIxeD REVIEW 


EQUIVALENTS Write the percent as a decimal. (Skills Review, pages 784-785) 
55. 28% 56. 40% 57. 3% 58. 19.5% 
PERCENT OF A NUMBER Find the number. (Skills Review, page 786) 

59. 45% of 84 60. 7% of 28.5 61. 76% of 540 

62. 16.3% of 132 63. 8% of $928.50 64. 5.5% of $74 
UNIT ANALYSIS Find the resulting unit of measure. (Review 1.1 for 3.5) 

65. (dollars per hour) + (hours) 66. (years) + (people per year) 

67. (miles) + (miles per hour) 68. (meters) + (kilometers per meter) 


GEOMETRY The two triangles are similar. Find the length of the side 
marked x. (Review 3.2) 


69. 3cm 70. 
5cm 


10cm 


3.4 Solving Equations with Variables on Both Sides 


What. you should learn 
Draw a diagram to 


help you understand real-life 
problems, such as planning 
where bicyclists should meet 
in Exercise 22. 


ii.\3 Use tables and 


graphs to check your 
answers. 


Why you should learn it 


V To solve real-life 
problems, such as designing 
a high school yearbook in 


Linear Equations and 
Problem Solving 


GVO Drawine a Diagram 


You have learned to use a verbal model to solve real-life problems. Verbal models 
can be used with other problem solving strategies, such as drawing a diagram. 


GEV Visualizing a Problem 


YEARBOOK DESIGN A page of your school yearbook is 84 inches by 11 inches. 


The left margin is ; inch and the space to the right of the pictures is 24 inches. 
The space between pictures is inch. How wide can each picture be to fit three 


across the width of the page? 


SOLUTION 


DRAW A DIAGRAM The 
diagram shows that the page 
width is made up of the width 
of the left margin, the space to 
the right of the pictures, two a 
spaces between pictures, and 
three picture widths. 


Bie 
= 

= 

a 

ale 


Space to Space 
VERBAL : c 
MGDEL + | Tight of | + 7.| between) +3. beens = ee 
& pictures pictures ™ wi 

LABELS Left margin = + (inches) 

Space to right of pictures = 27 (inches) 

. 3 : 

Space between pictures = 16 (inches) 

Picture width = w (inches) 

Page width = 8} (inches) 


ALGEBRAIC 3. 37 
4 8 


MopeEL H 2°36 


> When you solve for w, you will find that each picture can be 15 inches wide. 


Chapter 3 Solving Linear Equations 


PGOAL 2) USING TABLES AND GRAPHS AS CHECKS 


P EXAMPLE 2 ) Using a Table as a Check 


At East High School, 579 students take Spanish. This number has been increasing 
at a rate of about 30 students per year. The number of students taking French is 
217 and has been decreasing at a rate of about 2 students per year. At these rates, 
when will there be three times as many students taking Spanish as taking French? 


ly 
gy 
Lang tudy 


SOLUTION 


First write an expression for the number of students taking each language after 
some number of years. Then set the expression for students taking Spanish equal 
to three times the expression for students taking French. Subtraction is used in the 
expression for students taking French, because there is a decrease. 


VERBAL Number taking 4. Rate of increase|| Number _ 
MODEL Spanish now for Spanish of years 
3. ( Number taking} {Rate of decrease Number ) 
| French now |~ | forFrench (|° of years 
LABELS Number of students taking Spanish now = 579 (students) 
Rate of increase for Spanish = 30 (students per year) 
Number of years = x (years) 
Number of students taking French now = 217 (students) 
Rate of decrease for French = 2 (students per year) 
ALGEBRAIC 579 + 30° x = 3(217 —2°%) Write algebraic model. 
MODEL 


579 + 30x = 651 — 6x 
579 + 36x = 651 
36x = 72 
x=2 


Use distributive property. 
Add 6x to each side. 
Subtract 579 from each side. 


Divide each side by 36. 


> At these rates, the number of students taking Spanish will be three times the 
number of students taking French in two years. 


For example, the number of students taking 


V CHECK Use the Spanish in Year 1 is 579 + 30 = 609. 


information in the 
original problem 
statement to make 
a table. 


Number taking Spanish 


Number taking French 


3 - Number taking French 


3.5 Linear Equations and Problem Solving 


N. 
L. io HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


FOCUS ON 
APPLICATIONS 


ay GAZELLES seem to 


have an instinct for 
the distance they must keep 
from predators. They usually 
will not run from a prowling 
cheetah until it enters their 
“safety zone.” 


NEY 
om APPLICATION LINK 
www.mcdougallittell.com 


GIVE Using a Graph as a Check 


GAZELLE AND CHEETAH A gazelle can run 73 feet per second for several 
minutes. A cheetah can run faster (88 feet per second) but can only sustain its top 
speed for about 20 seconds before it is worn out. How far away from the cheetah 
does the gazelle need to stay for it to be safe? 


SOLUTION 


You can use a diagram to picture the situation. If the gazelle is too far away for 
the cheetah to catch it within 20 seconds, the gazelle is probably safe. 


If the gazelle is closer to the If the gazelle is farther away 
cheetah than x feet, the cheetah than x feet, the gazelle is in 
can catch the gazelle. the safety zone. 
| l “Safety zone” 
0 x 


gazelle caught in 20 seconds 


To find the “safety zone,” you can first find the starting distance for which the 
cheetah reaches the gazelle in 20 seconds. 


To find the distance each animal runs in 20 seconds, use the formula d = rt. 


VERBAL Distance Gazelle’s Distance 
MODEL gazelle runs| + starting distance = cheetah 
| in 20 sec from cheetah runs in 20 sec 
LABELS Gazelle’s distance = 73 + 20 (feet) 
Gazelle’s starting distance from cheetah = x (feet) 
Cheetah’s distance = 88 + 20 (feet) 


ALGEBRAIC 73°20+ x = 88-20 
MODEL 


> You find that x = 300, so 


the gazelle needs to stay 

more than 300 feet away 

from the cheetah to be safe. g = 1500 
/ CHECK You can use a z = Gazelle starting 
table or a graph to check your = 3 1000 at 300 feet from 
answer. A graph helps you =p cheetah is caught 
see the relationships. To et a ce seconds 
make a graph, first make a 2 " 
table and then plot the 
points. You can just find 0 0 5 10 15 20 
and mark the points for Tine econts) 


every 5 seconds. 
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GUIDED PRACTICE 


Concept Check J 


COCO E EEE EEE EEE HEHE EEE E EEE EEE EEE EE EE EEEEEE EE EEE EE EEEE EEE EEEEEE EEE EEEE EEE EEEEEEEEEEEEE EEE EEEEESD 


1. 4’) YEARBOOK DESIGN In Example 1, the top and bottom margins are each 


g inch. There are 5 rows of pictures, with 7 inch of vertical space between 


pictures. Draw a diagram and label all the heights on your diagram. 
Then write and solve an equation to find the height of each picture. 


2. Show how unit analysis can help you check the verbal model for Example 3. 


Skill Check J ‘4 DISTANCE PROBLEM In Exercises 3-5, use the following problem. 


You and your friend are each driving 379 miles from Los Angeles to San 
Francisco. Your friend leaves first, driving 52 miles per hour. She is 32 miles 
from Los Angeles when you leave, driving 60 miles per hour. How far do each of 
you drive before you are side by side? Use the following verbal model. 


Rate your Time after : ss Rate Time after 
‘ ; Friend’s distance} _ 
friend is you start | + =| youare |+| you start 
sae ae when you leave = ne 
driving driving driving driving 


3. Assign labels to each part of the verbal model. Use the labels to translate the 
verbal model into an algebraic model. 


4. Solve the equation. Interpret your solution. How far do each of you drive 
before you are side by side? 


5. Make a table or a graph to check your solution. 


PRACTICE ano APPLICATIONS 


L. Extra Practice 


to help you master 
skills is on p. 799. 


B. HOMEWORK HELP 


Example 1: Exs. 6-7, 
14-16 


Example 2: Exs. 8-12, 


17-21 


Example 3: Exs. 9-13, 


17-21 


COCO O EEE E SEES EEE EEE EE EEEEE EEE EEEE EEE EEE EEE EEEE EEE EEEEEEEEEEEEEE SEE EEEEEEEEEEEEEEEEEEEEEEEEEDEES 


® PACKAGE SIZE In Exercises 6-8, use this U.S. 


postal regulation: a rectangular package can have meres is the 
P F F istance 

a combined length and girth of 108 inches. Suppose around the 

a package that is 36 inches long and as wide as it is ssh the 
package. 


high just meets the regulation. 


6. USING A DIAGRAM Which diagram do you find most helpful for 
understanding the relationships in the problem? Explain. 


A. B. Cc. g& 
x x 
= 36 in. 
; 36 in. 
36 in. x 7 
x 
x 


7. CHOOSING A MODEL Choose the equation you would use to find the width 
of the package. Then find its width. 


A. x + 36 = 108 B. 2x + 36 = 108 


8. MAKING A TABLE Make a table showing possible dimensions, girth, and 
combined length and girth for a “package that is 36 inches long and as wide 
as it is high.” Which package in your table just meets the postal regulation? 


C. 4x + 36 = 108 


3.5 Linear Equations and Problem Solving 


UNIT ANALYSIS In Exercises 9-12, find the resulting unit of measure. 
9. (hours per day) + (days) 10. (feet) + (minute) 
11. (inches) + (inches per foot) 12. (miles per hour) + (hours per minute) 


13. A VISUAL CHECK Use the graph to check the answer to the problem below. 
Is the solution correct? Explain. 


You have $320 and save $10 each week. Comparing Savings 
Your brother has $445 and spends his 
income, plus $15 of his savings each week. 


When will you and your brother have 2 4 
the same amount in savings? ‘= 40 
c 
® 38 
320 + 10t= 445 — bt ‘a 36 
= 340 
320 = 445 — bt i 
=|25 =" on 


0 
25=t in 25 weeks O44 2 34 6B 
Time (weeks) 


‘4 COVER DESIGN In Exercises 14-16, you want the cover of a sports 
media guide to show two photos across its width. The cover is 6s 


inches wide, and the left and right margins are each 2 inch. The space 


between the photos is “ inch. How wide should you make the photos? 


14. Draw a diagram of the cover. 


eed 15. Write an equation to model the problem. Use your diagram to help. 
oe 


16. Solve the equation and answer the question. 


17. +7) LANGUAGE CLASSES At Barton High School, 45 students are taking 
Japanese. This number has been increasing at a rate of 3 students per year. The 
number of students taking German is 108 and has been decreasing at a rate of 
4 students per year. At these rates, when will the number of students taking 
Japanese equal the number taking German? Write and solve an equation to 
answer the question. Check your answer with a table or a graph. 


je) Kel) CONNECTION In Exercises 18-21, use the following information. 
A migrating elephant herd started moving at a rate of 6 miles per hour. One 
elephant stood still and was left behind. Then this stray elephant sensed danger 
and began running at a rate of 10 miles per hour to reach the herd. The stray 
caught up in 5 minutes. 


18. How long (in hours) did the stray run to catch up? How far did it run? 


¥ 19. Find the distance that the herd traveled while the stray ran to catch up. Then 
a supply of fresh write an expression for the total distance the herd traveled. Let x represent the 


Merona Haren distance (in miles) that the herd traveled while the stray elephant stood still. 


plentiful food such as 
grasses and leaves. To find 20. Use the distances you found in Exercises 18 and 19. Write and solve an 


these, elephants may make equation to find how far the herd traveled while the stray stood still. 
yearly migrations of a few 


hundred miles. 21. Make a table or a graph to check your answer. 


Chapter 3 Solving Linear Equations 


Test 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


22. MIULTI-STEP PROBLEM Two friends are 60 miles apart. They decide to ride 
their bicycles to meet each other. Sally starts from the college and heads east, 
riding at a rate of 21 miles per hour. At the same time Teresa starts from the 
river and heads west, riding at a rate of 15 miles per hour. 


a. Draw a diagram showing the college and the river 60 miles apart and the 
two cyclists riding toward each other. 


b. How far does each cyclist ride in ¢ hours? 


c. When the two cyclists meet, what must be true about the distances they 
have ridden? Write and solve an equation to find when they meet. 


d. CHOOSING A DATA DISPLAY Would a park that is 26 miles west of the 
river be a good meeting place? Explain. Use a diagram, a table, or a graph 
to support your answer. 


% RABBIT AND COYOTE 

In Exercises 23-26, use this 
information. A rabbit is 30 feet 
from its burrow. It can run 

25 feet per second. A coyote 
that can run 50 feet per 
second spots the rabbit and 
starts running toward it. 


[— 30 ft 


e—-—--~4--------- 9 


Burrow a 


23. Write expressions for the time it will take the rabbit to get to its burrow and 
for the time it will take the coyote to get to the burrow. 


24. Write and solve an equation that relates the two expressions in Exercise 23. 


25. CRITICAL THINKING Interpret your results from Exercise 24. Include a 
description of what happens for different values of x. 


26. Use a table or a graph to check your conclusions. 


COCR OHHH EEE HEHE EE EEE EEE EEE E EEE EEE TEETH EE EEE EEE EEE EEHE EEE EEE E EEE EE EE HEHE EEE EE OES 


FRACTIONS, DECIMALS, AND PERCENTS Write as a decimal rounded to the 
nearest hundredth. Then write as a percent. (Skills Review, pages 784-785) 


3 11 25 100 
27. Tr 28. D 29. 31 30. 201 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 2.5 and 2.7) 


A: = 2r when gq = 2 andr= 11 32. 3x — y when x = —25 and y = —10 


+ 

33. “.* when x = —24 and y = 6 34, — when a = 8 and b = 7 
SOLVING EQUATIONS Solve the equation. (Review 3.3 and 3.4 for 3.6) 

35.18 ++ =9 36. 8 = —5(2x — 6) 37. 4(2—n)=1 


38. —3y + 14 = —5y 39. —4a-3=6a+2 40. 5x — (6 — x) = 2(x — 7) 


3.5 Linear Equations and Problem Solving 


Solving Decimal Equations 


GVO souvine Decimat Equations 


What. you Gooliieon __EE CCC eeeere 


Find exact and So far in this chapter you have worked with equations that have exact solutions. 
approximate solutions of In real life, exact solutions are not always practical and you must use rounded 


equations that contain 
decimals. 


TN} Solve real-life 
roblems that use decimals . 7 
P GLAD Founding for a Practical Answer 


such as calculating sales tax 
in Example 5. 


solutions. Rounded solutions can lead to round-off error, as in Example 1. 


Three people want to share equally in the cost of a pizza. The pizza costs $12.89. 
Why you should learnit You can find each person’s share by solving 3x = 12.89. 


V To solve real-life 3x = 12.89 Write original equation. 
problems, such as finding the 
expansion gap for a bridge in x = 4.29666... Exact answer is a repeating decimal. 


x = 4.30 Round to nearest cent. 


> The exact answer is not practical, but three times the rounded answer does not 
correspond to the price of the pizza. It is one cent too much due to round-off 
error. 


T EXAMPLE 2 } Rounding for the Final Answer 


Solve —38x — 39 = 118. Round to the nearest hundredth. 


SOLUTION 
—38x — 39 = 118 Write original equation. 
—38x = 157 Add 39 to each side. 
x= “a Divide each side by —38. 
x ~ —4.131578947 Use a calculator. 
x ~ —4.13 Round to nearest hundredth. 


> The solution is approximately —4.13. 


J CHECK When you substitute a rounded answer into the original equation, 
the two sides of the equation may not be exactly equal, but they should be 
almost equal. 


—38x — 39 = 118 Write original equation. 
—38(—4.13) — 39 2 118 Substitute —4.13 for x. 
117.94 ~ 118 Rounded answer is reasonable. 
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_ T EXAMPLE 3 | Original Equation Involving Decimals 
Study Tip 


When rounding, think Solve 3.58x — 37.40 = 0.23x + 8.32. Round to the nearest hundredth. 
about the situation. For 
example, dollar amounts SOLUTION 


are usually rounded to 


hundredths: Ine situa: Use the same methods you learned for solving equations without decimals. 


tion is given, use the 3.58x — 37.40 = 0.23x + 8.32 Write original equation. 
same number of decimal 
places in the answer as 3.35x — 37.40 = 8.32 Subtract 0.23x from each side. 
are used in the original 
equation. 3.35x = 45.72 Add 37.40 to each side. 
C= ee Divide each side by 3.35. 


x = 13.64776119 Use a calculator. 
x = 13.65 Round to nearest hundredth. 


> The solution is approximately 13.65. 


/ CHECK 
3.58x — 37.40 = 0.23x + 8.32 Write original equation. 
3.58(13.65) — 37.40 2 0.23(13.65) + 8.32 Substitute 13.65 for each x. 


11.467 = 11.4595 Rounded answer is reasonable. 


An equation involving decimals can be rewritten as an equivalent equation with 
only integer terms and coefficients. 


EXAMPLE 4 ) Changing Decimal Coefficients to Integers 
Solve 4.5 — 7.2x = 3.4x — 49.5. Round to the nearest tenth. 


SOLUTION 


Because the coefficients and constant terms each have only one decimal place, 
you can rewrite the equation without decimals by multiplying each side by 10. 


4.5 — 7.2x = 3.4x — 49.5 Write original equation. 
45 — 72x = 34x — 495 Multiply each side by 10. 
45 = 106x — 495 Add 72x to each side. 
540 = 106x Add 495 to each side. 
a = Divide each side by 106. 
5.094339623 ~ x Use a calculator. 
5.1 =x Round to nearest tenth. 


> The solution is approximately 5.1. Check this in the original equation. 


3.6 Solving Decimal Equations 


PGOAL 2) SOLVING PROBLEMS WITH DECIMALS 


Br “Ye GIT Using a Verbal Model 
i. s 


You are shopping for earrings. The sales tax is 5%. You have a total of $18.37 to 
spend. What is your price limit for the earrings? 


SOLUTION 


The total cost is your price limit plus the tax figured on the price limit. 


VERBAL Price limit + | Sales tax rate - Price limit = | Total cost 
MODEL 
LABELS Price limit = x (dollars) 
Sales tax rate = 0.05 (no units) 
| Total cost = 18.37 (dollars) 
_ ALGEBRAIC x + 0.05 > x = 18.37 Write algebraic model. 
. . MODEL 
Seat ae 3 1.05x = 18.37 Combine like terms. 
percent of a number, 18.37 
see p. 786. x= 1.05 Divide each side by 1.05. 


x = 17.4952381 Use a calculator. 
x = 17.49 Round down. 


> Because you have a limited amount to spend, the answer is rounded down to 
$17.49. If you round up to $17.50, you will be a penny short because the sales 
tax is rounded up to $.88. 


© ACTIVITY 


Developing 
Concepts 


Investigating Round-Off Error 


@ Work with a partner. Each of you will solve the equation below in a 
different way. 


18.42x — 12.75 = (5.32x — 6.81)3.46 
Student 1: Round to the nearest hundredth in intermediate steps. 
Student 2: Round to the nearest hundredth only in the last step. 


® Compare the answers you get using both methods. Which method do 
you think is more accurate? Why? 


When solving an equation that has decimals, you need to realize that rounding in 
the intermediate steps can increase the round-off error. 
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GUIDED PRACTICE 


Vocabulary Check J 1. What special notation do you need to use when you are giving an 
approximate answer? 


Concept Check J 2. Look back at Example 3. What number would you multiply the equation by 
to rewrite the equation without decimals? 


®) FIELD TRIP In Exercises 3 and 4, school buses that hold 68 people will 
be used to transport 377 students and 65 teachers. 


3. Write and solve an equation to find the number of buses needed. 
4. Is the exact answer in Exercise 3 practical? Explain. 
Skill Check J Round to the nearest tenth. 
5. 23.4459 6. 108.2135 7. —13.8953 8. 62.9788 


Solve the equation. Round the result to the nearest hundredth. Check the 
rounded solution. 


9. 2.2x = 15 10. 14 — 9x = 37 
11. 2(3b — 14) = —9 12. 2.69 — 3.64x = 8.37 + 23.78x 


13. % BUYING A SWEATSHIRT You have $35.72 to spend for a sweatshirt. The 
sales tax is 7%. What is your price limit for the sweatshirt? 


PRACTICE anp APPLICATIONS 


ROUNDING Perform any indicated operation. Round the result to the 
Extra Practice nearest tenth and then to the nearest hundredth. 
to help you master 14. —35.1923 15. 5.34(6.79) 16. —7.895 + 4.929 


skills is on p. 799. 
17. 47.0362 — 39.7204 18. 5.349 + 46.597 19. —25.349(— 1.369) 


SOLVING AND CHECKING Solve the equation. Round the result to the 
nearest hundredth. Check the rounded solution. 


20. 13x — 7 = 27 21. 18 — 3y =5 22. —In+ 17 = —-6 
23.38 = —14 + 9a 24. 47 = 28 — 12x 25. 14r + 8 = 32 
26. 358 = 39c — 17 27. 37 — 58b = 204 28. 3(31 — 124) = 82 


29. 4(—7y + 13) = 49 30. 2(—5Sa + 7) = —a 31. —(d — 3) = 2d + 1) 


_ SOLVING EQUATIONS Solve the equation. Round the result to the nearest 
HOMEWORK HELP 


hundredth. 
Example 1: Exs. 14-39, 
44 32. 12.67 + 42.35x = 5.34x + 26.58 33. 4.65x — 4.79 = 13.57 — 6.84x 
Example 2: Exs. 14-39 
Exninple 2: x4 20-39 34. 7.45x — 8.81 = 5.29 + 9.47x 35. 39.21x + 2.65 = —31.68 + 42.03x 
Example 4: Exs. 40—43 _ = = = = = 
Example 5: Exs. 49-53 36. 5.86x — 31.94 = 27.51x — 3.21 37. —2(4.36 — 6.92x) = 9.27x + 3.87 
38. 6.1(3.1 + 2.5x) = 15.3x — 3.9 39. 4.21x + 5.39 = 12.07(2.01 — 4.72x) 


3.6 Solving Decimal Equations 


FOCUS ON 
APPLICATIONS 


Je COCOA is the 
Ss principle ingredient 
in chocolate. Typically, it 
takes an entire year's 
harvest from a mature 


cocoa tree to produce 
1 kilogram of cocoa. 


NE; 
ly; 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 51 and 
52. 


CHANGING TO INTEGER COEFFICIENTS Multiply the equation by a power 
of 10 to write an equivalent equation with integer coefficients. 


40. 2.5x + 0.7 = 4.6 — 1.3x 41. —0.625y — 0.184 = 2.506y 
42. 1.67 + 2.43x = 3.29(x — 5) 43. 4.5n — 0.375 = 0.75n + 2.0 


44. % COCOA CONSUMPTION The 267.9 million people in the United States 
consumed 639.4 million kilograms of the cocoa produced in the 1996-1997 
growing year. Which choice better represents the amount of cocoa consumed 
per person that year? Explain. > Source: International Cocoa Organization 


A. 2.38671146 kilograms B. about 2.4 kilograms 
CRITICAL THINKING Describe a situation where you would round as indicated. 
45. to nearest whole 46. to nearest tenth 47. to nearest hundredth 


48. () COMPARING ROUNDING METHODS At the 1998 winter Olympics, 
== Marianne Timmer of the Netherlands won the women’s 1000-meter speed 
skating race with a time of 76.51 seconds. Use a calculator to find Timmer’s rates 
in parts (a)—(d) following each method below. Do the two methods give the same 
final result after rounding to the nearest tenth in part (d)? 
Method 1 Round any decimal answers to the nearest tenth before going on. 
Method 2 Use the full calculator display until you round for the final answer. 


a. speed in meters per second b. speed in meters per minute 
c. speed in meters per hour d. speed in kilometers per hour 


49. y BUYING DINNER You have $8.39 to spend for dinner. You want to leave 
a 15% tip. What is your price limit for the dinner with tax included? 


% INTERPRETING DATA In Oldest T-shirts 

Exercises 50-52, use the data 

from a survey about T-shirts. Cit a 0.24 
The survey found that 93 out 
of 100, or 0.93, of the adults Store A 0.23 
responding own at least one T-shirt. Onatrip SN 0.15 

The bar graph shows where those Concert or special event [NNN 0.09 


adults who own T-shirts got their Sports event [NN 0.08 


oldest T-shirt. 
School or college event (0.07 


50. Suppose the survey takers Company event or product ii 0.06 
counted 186 people who own 


at least one T-shirt. Choose the 
equation you could use to find Other or don’t know [iii 0.06 

the number of people in the 0 008 0.16 0.24 
survey. About how many 
people were surveyed? 


A. x + 0.93 = 186 B. 0.93 + x = 186 C. 0.93x = 186 
51. CONNECTION What is the probability that an adult chosen at 


random from a group of adults who own at least one T-shirt received his or 
her oldest T-shirt as a gift? 


Charity event jj 0.02 


> Source: Opinion Research 


52. Suppose a group of adults who own T-shirts includes 42 people who got their 
oldest T-shirt from a charity event. Estimate the total size of the group. 
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FOCUS ON 53. % WHALES A bottle-nosed whale can dive 440 feet per minute. Suppose a 
APPLICATIONS 


bottle-nosed whale is 500 feet deep and dives at this rate. Write and solve an 
equation to find how long it will take to reach a depth of 2975 feet. Round to 
the nearest whole minute. 


% INTERNET SERVICE In Exercises 54 and 55, your Internet service provider 
charges $4.95 per month for the first 3 hours of service, plus $2.50 for each 

additional hour. Your total charges last month were $21.83. Let x represent 

the number of hours you used the service. 


54. Which equation models the situation? 
A. 4.95 + 2.5x — 3 = 21.83 B. 4.95 + 2.5(x — 3) = 21.83 


55. Solve the equation you chose in Exercise 54 and round the result to the 
nearest hundredth. What does the result represent? 


EGET CONNECTION In Exercises 56-58, use Bridge sections 
m3 the following information. 
J BOTTLE-NOSED Bridge sections expand as the temperature goes up, 
WHALES usually : : 3 

stay under the water from so a small expansion gap is left between sections 

15-20 minutes at a time, but when a bridge is built. As the sections expand, the = 

they can stay under for just width of the gap gets smaller. Not drawn a 

over an hour. Observers : : : to scale 

have even reported a two- Suppose that for some bridge the expansion gap is 

hour dive! 16.8 millimeters wide at 10°C and decreases by 
0.37 millimeter for every 1°C rise in temperature. Width of expansion gap 


56. If the temperature is 18°C, by how many degrees did the temperature rise? 
By how much would the width of the gap decrease? What would the new 
width of the gap be? Round to the nearest tenth of a millimeter. 


57. The temperature rises to f°C. Write expressions for the temperature rise, the 
decrease in the width of the gap, and the new width of the gap. 


58. Use the expressions from Exercise 57. Write and solve an equation to find the 
temperature at which the gap decreases to 9.4 millimeters. 


SEcaDr 
Test éS) 59. IVIULTI-STEP PROBLEM You are running water into a laundry sink to get a 
Preparation mixture that is one-half hot water and one-half cold water. The hot water 


flows more slowly, at a rate of 7.8 liters per minute, so you turn it on first. 
Two minutes later, you also turn on the cold water which flows at a rate of 
12.3 liters per minute. You want to know how long to wait before turning the 
two faucets off. 


a. Let ¢t represent the number of minutes the hot water is on. Write a variable 
expression for the amount of time the cold water is on. 


b. Write an equation that models the situation. Then solve the equation. 


Cc. Whiting Interpret your solution. If the solution is a decimal, decide what 
form of the number is most appropriate. Explain your choice. 


* Challenge 60. ROUND-OFF ERROR For some decimal equations, you get almost the same 
solution whether you round early in the solution process or only at the end. 
For other equations, such as the one in the Activity on page 168, rounding 


early has a big effect on the solution. Write a decimal equation for which 
www.mcdougallittell.com rounding early produces a significant difference in the answer. 


3.6 Solving Decimal Equations 


MiIxeD REVIEW 


COCO O EOE EE EEE EEE EEE EEE E HEHE EE ESHEETS EEEE EEE EEE EEE EEEEHEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEES 


61. INPUT-OUTPUT TABLES Make an input-output table for the function 
A = 8 + 2.5t when t = 2, 3, 4,5, and 6. Describe the domain and the 
range of the function whose values are shown in the table. (Review 1.7 for 3.7) 


OPPOSITES Find the opposite of the number. (Review 2.1) 
62. 8 63. —3 64. —4.9 65. 7.9 
PROBABILITY Find the probability of the event. (Review 2.8) 

66. Choosing the letter N from a bag that contains all 26 letters of the alphabet 


67. Choosing a blue marble from a bag that contains 16 blue marbles and 
14 white marbles 


68. Rolling an even number using a six-sided number cube 


% ACCOUNT ACTIVITY In Exercises 69-71, use 


Activity 


the table. It shows all of the activity in a checking 
account during June. Deposits are positive and — $225.00 
withdrawals are negative. (Review 2.2) June 10 | +$310.25 
69. How did the amount of money in the account June 17 | +$152.33 
change from the beginning of June through 
June 10? June 25 —$72.45 
June 30 | —$400.00 


70. Find the total amount withdrawn in June. 


71. What was the total change in the account balance 
over the course of the month? 


Self-Test for Lessons 3.4-3.6 


PROC OEE HEHEHE EEE EE EEE EE EEE SEES OHHH EEEEE ESET EEE EE EEEESESESESEEEEEEEEEEEEEEEEEHEEESEEEEEEEEEEE 


Solve the equation if possible. (Lesson 3.4) 


1.3x+1=5x 2.8 — 2y = 21 — 6y 3. 3n = (6 — n\(-3) 


4. s(14 + 8a) = 9a 5.9 =$6=36 =38):. 6-964 =5G=2) 


Solve the equation. Round the result to the nearest hundredth. (Lesson 3.6) 
7. Sy — 8 = 4y — 3 8. 2(2n + 11) = 31 — 3n 
9. 7.6x + 3.7 = 2.8 — 1.6x 10. 4.9(3.7x + 1.4) = 34.7x 


11. % PET SHOW The city is sponsoring a pet show. The number of cats, 
birds, and hamsters equals the number of dogs and turtles. There are 3 birds, 
3 turtles, and 5 hamsters. There are twice as many dogs as cats. Let n be the 
number of cats. Draw a diagram to decide which equation models the 
situation. (Lesson 3.5) 


A.2n+n=34+3+5 
C.n+3+5=2n+3 


Bn+3=2n+3+5 
D.2n+5=3+3+n 


12. Use the results of Exercise 11 to find the number of dogs. (Lesson 3.5) 
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© ACTIVITY 3.6 


Using Technology 


NE, 
R $23, SOFTWARE 
ie] HELP 


See steps for using a 
computer spreadsheet 
as an alternative 
approach at 
www.mcdougallittell.com 


a Graphing Calculator Activity for use with Lesson 3.6 
Using a Table a ‘ 
or Spreadsheet to Solve Equations 


One way to solve multi-step equations is to use a graphing calculator or 
spreadsheet software on a computer to generate a table of values. The 
table can show a value of x for which the two sides of the equation are 
approximately equal. 


> EXAMPLE 


Use a table on a graphing calculator to solve 4.29x + 3.89(8 — x) = 2.65x. 
Round your answer to the nearest tenth. 


> SOLUTION TABLE SETUP 


TblLStart=0 
ATbL=1 
Indpnt: Ask 


@ Use the Table Setup function on your graphing 
calculator to set up a table. Choose values Depend: Ask 
beginning at 0 and increasing by 1. 


@ You want the table to show the value of the 
left-hand side of the equation in the second Enter fopeach 
column and the value of the right-hand side multiplication. It prints as *. 
of the equation in the third column. —— 


Press (J. Enter the left-hand side of the 
equation as Y, and the right-hand 
side of the equation as Y>. 


Y1=4.29%X+3.89%(8- 


ia) View your table. The first column of the 
table should show values of x. Scroll down 
until you find values in the second and 
third columns that are approximately equal. 
The values are closest to being equal when 
x = 14, so the solution must be greater 
than 13 and less than 15. 


4) To find the solution to the nearest tenth, go 
back to the table setup and change it so that 
x starts at 13.1 and increases by 0.1. Then 
view your adjusted table. The values in the 
second and third columns are closest to 
being equal when x = 13.8. 


> The solution to the nearest tenth is 13.8. 


> EXERCISES 


Use a graphing calculator to solve the equation. Round to the nearest tenth. 
1. 19165x -- 2.26 — 6.05) = 255.65 27 16:2(Gn ss) 355 — 11915 
3. 3.56x + 2.43 = 6.17x — 11.40 A359 (6 — 5-6) 010359 = 42g 2505 


3.6 Technology Activity 


Formulas and Functions 


Wh G2 sovvine Formutas 
Ou should learn SEER E EEE EERE EERE EERE EEE E EE EEE EEE EEE E EERE EEE E EE EEE EEE EERE EE EE EEE EE EEE EE EEE HEHEHE EEE EE EEEE EERE 


Solve aformulafor Tn this lesson you will work with equations that have more than one variable. A 
one of its variables. formula is an algebraic equation that relates two or more real-life quantities. 


Rewrite an 


equation in function form. 


WI Nae ven Ty pee PEXAMPLE 1 | Solving and Using an Area Formula 


V To solve real-life Use the formula for the area of a rectangle, A = Jw. 
problems about rate, . ‘ 
Ati FRUICISERGE OB a a. Find a formula for / in terms of A and w. 


Pathfinder’s flight to Mars 


in Example 4. 
See 


b. Use the new formula to find the length of a rectangle that has an area of 
35 square feet and a width of 7 feet. 


SOLUTION 
a. Solve for length /. 


A =lw Write original formula. 
A _ F sac , 
i l To isolate /, divide each side by w. 


b. Substitute the given values into the new formula. 


w 7 


> The length of the rectangle is 5 feet. 


T EXAMPLE 2 } Solving a Temperature Conversion Formula 


Solve the temperature formula C = 3F — 32) for F. 


SOLUTION 
C= 3 — 32) Write original formula. 
2 “C= 2 . 2(F 32) Multiply each side by 2. 

9A Sis 
5C = F — 32 Simplify. 

2c + 32 =F — 32+ 32 Add 32 to each side. 

9 = ee 

5c + 32=F Simplify. 
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T EXAMPLE 3 | Solving and Using an Interest Formula 


a. The simple interest / on an investment of P dollars at an interest rate r for 
t years is given by J = Prt. Solve this formula for r. 


b. Find the interest rate r for an investment of $1500 that earned $54 in simple 
interest in one year. 


SOLUTION 
a. [= Prt Write original formula. 
I _ Prt ee . 
Pi Pt Divide each side by Pt. 
I _ eee 
eer Simplify. 
b.r=t = —%4 34 = 0,036, or 3.6% 


Pt 1500°1 1500 


P EXAMPLE 4] Solving and Using a Distance Formula 


PATHFINDER The Pathfinder was launched on December 4, 1996. During its 
212-day flight to Mars, it traveled about 310 million miles. Estimate the time the 
Pathfinder would have taken to reach Mars traveling at the following speeds. 


a. 30,000 miles per hour 
b. 40,000 miles per hour 
c. 60,000 miles per hour 
d. 80,000 miles per hour 
Which of the four speeds is the best estimate of Pathfinder’s average speed? 


FOCUS ON 
APPLICATIONS SOLUTION 


Use the formula d = rt and solve for the time f. 


d= rt Write original formula. 
a =H Divide each side by r. 
r r 

d _ ears 

oe t Simplify. 


— d _ 310,000,000 


= 10,333 hours ~ 431 days 


r 30,000 
_ d _ 310,000,000 _ a 
— = b. ¢ . 40,000 7,750 hours ~ 323 days 
Je PATHFINDER d _ 310,000,000 
Since its landing t= = 60,000 ~ 5,167 hours ~ 215 days 
on July 4, 1997, the Mars 
Pathfinder has returned — d _ 310,000,000 _ _ 
2.6 billion bits of information, 4%! =~ g0,000 ~ 28/5 hours ~ 161 days 
including more than 16,550 
images. > Source: NASA > The trip took 212 days, so Pathfinder’s average speed was about 60,000 mi/h. 


3.7 Formulas and Functions 


PGOAL 2) REWRITING EQUATIONS IN FUNCTION FORM 


A two-variable equation is written in function form if one of its variables is 
isolated on one side of the equation. The isolated variable is the output and is a 
function of the input. For instance, the equation P = 4s describes the perimeter P 
of a square as a function of its side length s. 


GavEp Rewriting an Equation in Function Form 


Rewrite the equation 3x + y = 4 so that y is a function of x. 


Look Back For help 
with functions, see SOLUTION 


page 46. 


3x +y=4 Write original equation. 
BNE, 
£ 3 HOMEWORK HELP 3x +y —-3x =4—- 3x Subtract 3x from each side. 
Visit our Web site sos 
www.mcdougallittell.com y=4— 3x Simplify. 


for ext les. : 3 
Sieg ere > The equation y = 4 — 3x represents y as a function of x. 


EXAMPLE 6 } Rewriting an Equation in Function Form 


a. Rewrite the equation 3x + y = 4 so that x is a function of y. 


b. Use the result to find x when y = —2, —1, 0, and 1. 


SOLUTION 
a. 3x +y=4 Write original equation. 
3x t+y-y=4-y Subtract y from each side. 
3x =4-y Simplify. 
= = _ Divide each side by 3. 
x= _ Simplify. 


— 
> The equation x = 2 represents x as a function of y. 


3 


b. It is helpful to organize your work in columns. 


INPUT SUBSTITUTE OUTPUT 
4—(-2 

y=-2 yo) x=2 

__ 4) 5 

y=-1 i. x= 3 

- _4-() Al 

y=0 x= 3 x= 3 
4-7 
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Vocabulary Check J 1. Give an example of a formula. State what real-life quantity each variable 
represents. 


Concept Check / Tell whether the formula shows correctly the relationships among 
perimeter, length, and width of a rectangle. 


2. P = 21+ 2w 3.P=I1+we2 4. P = 2(1 + w) 
— Po 2w oe = 
i=; bl=o = 2 Lwe 5 al 


8. Write a formula that describes the side length s of a square as a function of 
its perimeter P. 


Skill Check J 9. Rewrite the equation 2x + 2y = 10 so that y is a function of x. 
10. Use the result of Exercise 9 to find y when x = —2, —1, 0, 1, and 2. 


PRACTICE anp APPLICATIONS 


COOP EEE E EE EH EEE EEE EEE EEE EEO EEEEHEE EEE EEEEE EEE EEE EEEEEEEEEEEEE EEE EEEEEESEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESSD 


_ SOLVING A FORMULA Solve for the indicated variable. 
Extra Practice 11. Area of a Triangle 


12. Volume of a Rectangular Prism 
to help you master 


1 
skills is on p. 799. Solve for b: A = abh Solve for h: V = Lwh 


|+—b-——__ £ 
13. Volume of a Circular Cylinder 14. Area of a Trapezoid 
Solve for h: V = ar7h Solve for b): A = Sh, + by) 


REWRITING EQUATIONS Rewrite the equation so that y is a function of x. 


15.2x+y=5 16. 3x + 5y =7 17. 13 = 12x — 2y 
18. 2x = —3y + 10 19.9 —y=1.5x 20.1 + 7y =5x-2 
=e 21.2-7=—-2x 22. ty +3 = —5x 23. -3x+4y-5=-14 
HOMEWORK HELP 1 
24. 7x —4x+ 12= a 25. =(y + 2) + =7 
Examples 1-4: Exs. 11-14, - . 20 Sy 5 3(Y ) + 3x ‘: 
34-38 ee sas pes 
Example: Exs. 15-29 26. 5(y — 3x) = 8 — 2x 27. 4x — 3(y — 2) =15 4+ y 
sal il eae 28. 3(x — 2y) = —12(x + 2y) 29. +(25 — 5y) = 4x — 9y + 13 


3.7 Formulas and Functions 


SUBSTITUTION Rewrite the equation so that x is a function of y. Then use 
the result to find x when y = —2, —1, 0, and 1. 


30.2x +y=5 31. 3y —x = 12 
32. 4(5 — y) = 14x + 3 33. 5y — 2(x — 7) = 20 


®% Discounts In Exercises 34 and 35, use the relationship between the 
sale price S, the list price L, and the discount rate r. 


34. Solve for rin the formula S = L — rL. 


[_ 35. Use the new formula to find the discount rate as a decimal and as a percent. 
Skills Review — a. Sale price: $80 b. Sale price: $72 c. Sale price: $12.50 
For help with writing List price: $100 List price: $120 List price: $25 

decimals as percents, 
see pages 184-785. 36. Writing You can solve the formula d = rt for any of its variables. This 


means that you need to learn only one formula to solve a problem asking for 
distance, rate, or time. Explain. 


® ScuBA DIVING In Exercises 37-39, use the following information. 

If a scuba diver starts at sea level, the pressure on the diver at a depth of d feet is 
given by the formula P = 64d + 2112, where P represents the total pressure in 
pounds per square foot. Suppose the current pressure on a diver is 4032 pounds 
per square foot. 


37. Solve the formula for d. 38. What is the diver’s current depth? 


39. In the original equation, is P a function of d or is d a function of P? Explain. 


Ca CIRCLE RELATIONSHIPS In Exercises 40-44, cadiua? 
BNE == use the information at the right. Use the 
4 KEYSTROKE HELP : a 
r Visieour Website Table feature on a graphing calculator (or 
www.medougallittellcom | SPreadsheet software) as indicated. diameterd ] | | 
to see keystrokes for he fi is beta Cuca circumference C 
asqaralmodaleat 40. In the formula, is the circumference a 
calculators. function of the radius or is the radius 


a function of the circumference? o> en 
41. If X is the radius, what expression gives the circumference? On your 
graphing calculator enter this expression as Y). 


42. Solve the circumference formula for r. If Y, is the circumference, what 
expression involving Y, equals the radius? On your graphing calculator enter 
this expression as Y,. To enter Y, into your expression, use the Variables 
menu. 


43. LOGICAL REASONING Enter 10 different values for the radius of a circle in 
the X-column. (You may need to choose “Ask” on the Table Setup menu to 
do this.) View your table and then explain the relationship between the three 
columns. 


44. % GIANT SEQUOIA The General Sherman tree, a sequoia tree in Sequoia 
National Park, has the greatest volume of any tree in the world. The distance 
around the tree (the circumference) measures 102.6 feet. Show how to find 
the distance straight through the center of the tree (the diameter) without 
measuring it directly. Then find this value to the nearest tenth of a foot. 
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Test 62 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


SCOOTER HEE H EES EEE EEEEEEE 


45. MULTIPLE CHOICE Which of the choices shows how to rewrite the equation 
2y — 3(y — 2x) = 8(x — 1) + 3 so that y is a function of x? 


Y= _y =r 
BQ x= Bxr=—H 
@®m y=-14*+5 @® y= -2x+5 


46. MULTIPLE CHOICE The formula A = Sh(b, + b») relates the area and the 


dimensions of a trapezoid. Which way can you rewrite this relationship? 


_1 _ 2A 
ZB A= zhb, + by aie as 
__A = = 
Or) bs CD b, = 2A by 
% ROPE AROUND THE WORLD In Exercises 47-49, Length of rope = C + d 


imagine a rope wrapped around Earth at the equator 
(Earth’s circumference C). Then think of adding d feet 
to the rope’s length so it can now circle Earth at a 
distance h feet above the equator at all points. 


47. Write an equation to model this situation. 
48. Solve your equation in Exercise 47 for d. 


49. How much rope do you need to insert if you want 
the rope to circle Earth 500 feet above the equator? 
Use 3.14 as an approximation for 7. 


COCO SHEET EEE HEHE EE EEE EEE EEEEEESESEEEEEEEEEEE EEE EEEE EEE EEESEEEEEEEEEEEEESEEEEEOEEEEEEEEOSS 


CHECKING SOLUTIONS Check whether the given number is a solution of 
the inequality. (Review 1.4) 


50.y—5>4;9 51.4 + 7y > 12;1 52.3% -—3 2x4 3:5 
SIMPLIFYING EXPRESSIONS Simplify the variable expression. (Review 2.5) 
53. —(2)°(b) 54. (—2)°(b) 55. 3(—x)(—x)(—x) 
56. (—4)(—c)(—e)(—c) 87. (-4)"(N() 58. (-5)*(-y)(-y) 


®% TEEN ATTENDANCE Each bar shows 
the percent of teens that attend the 
activity in a 12-month period. 

(Review 1.6 for 3.8) Pro sports 


Where Teens Go 


59. Which activity shown is attended Art museum 


. 
by the most teens? Rock concert 28% 


60. What percent attend rock concerts? 


Other museum 26% 
61. How many out of 100 attend art 
museums? 


0% 10% 20% 30% 40% 50% 


> Source: YOUTHviews 


3.7 Formulas and Functions 


Rates, Ratios, and Percents 


GV) usine Rates anv Ratios 


ARR eee EERE EERE EEE E EEE RHEE EEE EEE EEE EE EE EEE EERE EEE EEE EE EEE EE EEE EE EEE EERE EEEEE EEE EEE EE EEE EEE EES 


In this lesson you will apply rates, ratios, and percents and use your equation 
What you should learn solving skills to solve problems. If a and b are two quantities measured in 


Use rates and different units, then the rate ofa per D is . Rates are often expressed as unit 
ratios to model and solve rates. A unit rate is a rate per one given unit, such as 60 miles per | gallon. 
real-life problems, as in 
Example 3. 


ecmereanestD GEV) Interpreting Large Numbers 


model and solve real-life 
problems, as in Example 6. SPENDING How can you relate this information to individual spending? 


Why you should learn it Estimated Spending for Clothes and Food in the United States in 1996 


roblems such as interpretin ae as 
Teneo tea ae a $183 billion $190 billion $300 billion 
ae = 
outdoor recreation in — DATA UPDATE of U.S. Bureau of Labor Statistics at www.mcdougallittell.com 


Exs. 40-42. 
ws 
a 


SOLUTION One solution is to find the average rate of spending per person so 
that people can compare themselves to the average. You can do this by dividing 
by the total population, which was about 266 million in 1996. 


Clothing and shoes: about $688 per person 
Restaurants: about $714 per person 
Food at home: about $1128 per person 


T EXAMPLE 2 } Using Collected Data 


IMIILEAGE You have recorded your car mileage and gasoline use for 2 months. 
Estimate the number of miles you can drive on a full 18-gallon tank of gasoline. 


nesses | 2.1 | 98 | 82 | 95 | 78 


SOLUTION You drove a total of 1149 miles and used 47.4 gallons of gasoline, 
so your average rate was 1149 + 47.4, or about 24.2 miles per gallon. Let x 
represent the number of miles you can drive on 18 gallons. To estimate x, you 
can solve the following equation. 

Number of miles —> x 


Number ofgallons= 18 = 24.2 <— Average rate in miles per gallon 


> The solution is x = 435.6, so your estimate is 436 miles on an 18-gallon tank. 


Chapter 3 Solving Linear Equations 


Bi Men T EXAMPLE 3 } Applying Unit Analysis 
= 


a. You are visiting Mexico and you want to exchange $180 for pesos. The rate 
of currency exchange is 9.990 pesos per United States dollar. You want to 
find out how many pesos you will receive. 


UNIT ANALYSIS You can use unit analysis to write an equation. 


dollars + Tere Faz = Pesos 


a Ee! = 


P Write equation. 


its aes 


=P Substitute 180 for D dollars. 
1798.2 = P Simplify. 
> You will receive 1798 pesos. 


b. When you leave Mexico, you are surprised to find that you have exactly 
180 pesos left. You want to find out how many United States dollars you will 
receive. The rate of currency exchange is now 9.987 pesos per dollar. 


dollar 


UNIT ANALYSIS pesos ° = dollars 
p-t_= Writ ti 
9.987 rite equation. 


180- 7 =D Substitute 180 for P pesos. 


> After simplifying, you find that D ~ 18.02343046. You will receive $18. 


EXAMPLE 4 ] Using Ratios to Write an Equation 


TULIPS You tested a sample of 50 tulip bulbs from a shipment of 4500 bulbs for 
resistance to a type of mold. You found that 32 of the bulbs had a natural 
resistance, and 18 did not. Use these results to estimate the number of bulbs in 
the shipment that will have a natural resistance to the mold. 


FOCUS ON 
APPLICATIONS 


SOLUTION 


One way to answer the question is to write a ratio. Let x represent the number of 
resistant bulbs in the shipment. 


Resistant bulbs in sample _ Resistant bulbs in shipment 


Total bulbs in sample Total bulbs in shipment 
a: Write equati 

Jes TULIPS About 25% 50-4500 cies 
ps of tulip bulbs sold in 30 
the United States are grown 4500 ° =x Multiply each side by 4500. 
in the United States. The 50 
Skagit Valley area, shown 2880 = x Simplify. 
above, is the largest U.S. 
producer of tulips. > About 2880 of the 4500 bulbs in the shipment will be resistant to the mold. 


3.8 Rates, Ratios, and Percents 


PGOAL 2) USING PERCENTS 


ay GHD Finding Percents 


urvey ~~ What percent of 15—17-year-olds said that they are dating? 


A Survey of Teen Dating 


Age Group Number Surveyed Number Who Are Dating 


12—14-year-olds 1074 216 
15-17-year-olds 992 482 
18—19-year-olds 307 205 


> Source: Simmons Market Research Bureau 


SOLUTION To find the percent, divide the number who are dating by the number 
surveyed and then write the result as a percent. 


ae =~ 0.485887097, so about 49% of 15—17-year-olds said that they are dating. 
GEXMED Using a Graph 
GLASS RECYCLING The circle graph Glass Containers 


shows the percent of glass containers 
recycled in the United States in a recent 
year. About 3.2 million tons of glass 
containers were recycled. Estimate 

the total weight of glass containers 


FOCUS ON used that year. 
APPLICATIONS 


e— Recycled 29% 


— Not recycled 
71% 


JRNE> 
re) DATA UPDATE of U.S. Environmental Protection Agency data at www.mcdougallittell.com 


SOLUTION 


VERBAL Percent of glass Total weight of Weight of glass 
MODEL containers recycled |- glass containers =| containers 
(in decimal form) used recycled 


LABELS Percent of glass containers recycled = 0.29 (no units) 


Total weight of glass containers used = x (tons) 


Weight of glass containers recycled = 3,200,000 (tons) 


: = ; ALGEBRAIC 0.29 > x = 3,200,000 Write algebraic model. 
Je GLASS MOpEL 
Ss _ 3,200,000 - 

RECYCLING When x= 999 Divide each side by 0.29. 

one glass bottle is recycled, ’ 
the energy saved could light x ~ 11,034,482.76 Simplify. 
a 100-watt light bulb for four 
hours. > About 11.0 million tons of glass containers were used that year. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Explain the difference between a rate and a ratio. 


Concept Check J 2. Which model would you use to change 14 yards to feet? Explain. 


1 yard 3 feet 
A. 14 yards 3 feet B. 14 yards yard 


3. % SURVEY You took a survey of your class and found that 18 out of the 
31 students have a pet at home. Explain how you can use your results to 
make a prediction for the 1746 students in your school. 


Skill Check J 4. Look back at Example 1. Find the per person rate of spending for a month for 
each of the given categories. 


8 EXCHANGE RATES Convert the currency using the given exchange rate. 
5. Convert 200 euros to United States dollars. (1 euro is 1.066 dollar.) 
6. Convert 340 U.S. dollars to South African rand. (1 rand is 0.607 dollar.) 

In Exercises 7-9, write and solve an equation to find the unknown number. 
7. 45% of 280 = 2. 8. 7.5% of 340 = 2. 9. 20% of 2? = 15 


10. % TIPPING What percent was the server’s tip if the customer left $1.75 for 
a $12.50 meal? 


PRACTICE anp APPLICATIONS 


COCO O ESET E HEHEHE EEE EEE EE EEE EE EEE EEE EE EEE EEE EE EEE EEE EEE EEE EE EEE EEE SESE EEE EEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 


_ ae UNIT RATES Find the unit rate. 
Extra Practice 11. $2 for 5 cans of dog food 12. $121.50 for working 18 hours 


to help you master 


skills is on p. 799. 13. $1.39 for 15 quarts of juice 14. 6 ounces for 2.5 servings 


FINDING SPEEDS In Exercises 15-18, find the average speed. 
15. Fly 1200 miles in 4 hours 16. Hike 52 miles in 3 days 
17. Swim 2 miles in 40 minutes 18. Drive 69 kilometers in = hour 


19. Whiting A store sells a box of 5 frozen yogurt bars for $1.20. The store also 
sells a box containing 7 of the same frozen yogurt bars for $1.59. Which is 


_ ae the better buy? Explain how you decided. 
HOMEWORK HELP 


Example 1: Exs. 11-21 ® In ONE YEAR In Exercises 20 and 21, find the average rate as indicated. 


Example 2: Exs. 11-21, 20. The United States postal service receives 38 million changes of address per 


21-29 year. Find the rate per day. Round to the nearest thousand. 
Example 3: Exs. 23-26, 
30-31 21. 1,100,000,000 miles are driven to move the mail in the United States per 
Example 4: Ex. 32 year. Find the rate per week. Round to the nearest million miles. 
Example 5: Exs. 33-37 
Example 6: Exs. 38-42 22. (>) EQUATION SOLVING Give a calculator keystroke sequence that you 


== could use to find the value of x in Example 4. 


3.8 Rates, Ratios, and Percents 


MEASUREMENT In Exercises 23-26, convert the measure. Round your 
answer to the nearest tenth. 


23. 12 fluid ounces to cups (1 cup = 8 fluid ounces) 
24. 21 inches to centimeters (1 inch = 2.54 centimeters) 
25. 56 miles to kilometers (1 mile = 1.609 kilometers) 


26. length of a football field (100 yards, not including the end zones) to meters 
(1 yard = 0.9144 meter) 


27. % CAR MILEAGE A car uses fuel at a rate of 15 miles per gallon. Estimate 
how many miles the car can travel on 20 gallons of fuel. 


4) BOOKS A library has 14,588 books which fill its 313 equal-size shelves. 
28. What is the average number of books per shelf? 


29. The library plans to install 50 new shelves of this size. Write and solve an 
equation to estimate how many more books the library will be able to hold. 


% EXCHANGE RATES In Exercises 30 and 31, use 114.520 yen per United 
States dollar as the rate of currency exchange. You are visiting Japan and 
have taken $325 to spend on your trip. 


30. If you exchange the entire amount, how many yen will you receive? 
31. You have 605 yen left after your trip. How many dollars will you get back? 


32. % CALLING FROM THE AIR You are conducting a survey on the use of air- 
plane phones. You survey 320 adults and find that 288 of them never made a 
phone call from an airplane. If you surveyed 3500 adults, how many of them 
would you predict have made a phone call from an airplane? Explain. 

FINDING PERCENTS Find the percent. Round to the nearest whole percent. 

33. $2.25 tip on a cab fare of $14 34. Tax of $.68 on an item priced at $11.29 


35. 292 people in favor out of 450 people surveyed 


®% MOooN Rocks In Exercises 36-38, round to the nearest tenth. A total of 
382 kilograms of lunar samples (rocks, dust, and so on) were collected 
during the six Apollo moon landings between 1969 and 1972. 


S53) HOMEWORK HELP 
Visit our Web site 
www.medougallittell.com 36. The largest rock collected weighs 11.7 kilograms. This single rock is what 


for help with Exs. 36-36. percent of the total weight of the samples? 


ED APPLICATION LINK ; 
% Visit our Web site 37. The 110.5 kilograms of lunar samples collected by the Apollo 17 astronauts 


www.mcdougallittell.com represent what percent of the total weight of the samples? 
for more information 


shone mineniocks, 38. About 7.5% of the lunar samples (by weight) have been analyzed and then 


returned for storage in the Return Sample Vault at NASA’s Johnson Space 
Center. What is the combined weight of the samples in this vault? 


39. % CONSUMER ACTION Americans ages 
18 years and older were asked, “Have you 
ever stopped buying a product specifically Meg No 
because the manufacturer of that product aus 71% 
pollutes the environment?” Of those surveyed, 
719 said no. About how many people took 
part in the survey? > Source: Wirthlin Worldwide 
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% INTERPRETING DATA In Outdoor Recreation 
Exercises 40-42, use the graph. It 

shows the percent of 16-to-24-year- 
olds participating in the top seven Fitness activities 


categories of outdoor recreation. 
Outdoor team 


40. Viewing activities include sports activities 
sightseeing, visiting a nature 
center, and so on. Estimate 
how many students participate 
in viewing activities in a 
college with 1400 students. 


50.6% 


Outdoor spectator activities 


Viewing activities 


: Swimming activities 
41. Estimate the survey size if a 


survey of 16-to-24-year-olds Outdoor adventure 59 go, 

In the survey, Basketball found that 270 of them activities ae 

was the most popular - ep a ih 
participate in fitness activities. 


team sport. Social activities 74.8% 

42. Write your own question based 
on the survey data. Then find 0% = 20% = 40% = 60% = 80% = 100% 
the answer. > Source: National Survey on Recreation 

and the Environment 

43. CRITICAL THINKING Compare Example 2 and Example 4 in Goal 1. How 

are the methods shown alike? How are they different? 
OcbDs 
Test és) QUANTITATIVE COMPARISON In Exercises 44-46, choose the statement 


Preparation below that is true about the given values of x. 
C& The value of x in column A is greater. 
The value of x in column B is greater. 
©} The two values of x are equal. 


CD) The relationship cannot be determined from the given information. 


Column A Column B 
The solution of the equation | The solution of the equation 
160% of 400 = x 16% of 4000 = x 
45. | The solution of the equation | The solution of the equation 
Bee aa 
3. 8 8 3 
46. | The solution of the equation | The solution of the equation 
15% of x = 30 30% of x = 15 
* Challenge CONNECTION Use this information in Exercises 47 and 48. 


In Citizen of the Galaxy by Robert Heinlein, Thorby learns that he owns “tan 
interest in a company .. . through a chain of six companies—18% of 31% of 
43% of 19% of 44% of 27%, a share so microscopic that he lost track.” Let x 
represent the total worth of the company in which Thorby owns a share. 


47. Write and simplify an expression to show Thorby’s share of the company. 
48. Suppose Thorby’s share of the company is worth 1000 credits. Write and 
www.mcdougallittell.com solve an equation to find the total worth of the company. 


3.8 Rates, Ratios, and Percents 


MIxeD REVIEW 
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WRITING INEQUALITIES Graph the numbers on a number line. Then write 
two inequalities that compare the two numbers. (Review 2.1) 


49. 4 and —3 50. —2.4 and 3.2 51. —0.2 and —0.21 
52. —1.8 and —2 53. 3 and -2 5A. 1% and —1.75 
SOLVING EQUATIONS Solve the equation. Round the result to the nearest 
hundredth. Check the rounded solution. (Review 3.6) 

55. —lla—- 16=5 56. 2(4 — 3x) = —x 

57. 2.62x — 4.03 = 7.65 — 5.34x 58. 2.6(4.2y — 6.5) = —7.1ly — 2.8 


59. % POPULATION PROJECTIONS The table shows the projected number (in 
millions) of people 85 years and older in the United States for different years. 
Make a line graph of the data. (Review 1.6 for 4.1) 


Number of people 85 years 41 5.0 5.0 5.8 8.3 
and older (in millions) j , , 


> Source: Statistical Abstract of the United States, 1997 


Self-Test for Lessons 3.7 and 3.8 
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Write y as a function of x and evaluate when x is —2, 0, and 2. (Lesson 3.7) 
1.3x+2y=12 2.5-4=% 3. (2x + 10y) = 8 
Solve the given formula for the specified variable. (Lesson 3.7) 


4. Solve V = lwh for w. 5. Solve A = sbh for h. 6. Solve P = C + rC for r. 


Convert the given currency or measure. (Lesson 3.8) 
7. 125 Swiss francs to United States dollars (1 Swiss franc is 0.746 dollar.) 


8. 50.8 centimeters to inches (1 inch = 2.54 centimeters) 


In Exercises 9-11, write and solve an equation to find the answer. (Lesson 3.8) 


9. % CAR MILEAGE A car uses fuel at a rate of 33 miles per gallon. Estimate 
how many miles the car will travel on 12 gallons of fuel. 


10. % POPULATION A school’s population increased by 42 students. This was 
a 3% increase. About how many students attended before the increase? 


11. % SURVEY Out of 525 people surveyed, 210 answered yes. Estimate how 
many people would answer yes if 900 people were surveyed. 


12. Use the information in Exercise 11. What percent of the 525 people surveyed 
answered yes? (Lesson 3.8) 
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woos inductive and Deductive 
SIGNI) Reasoning 


GQ) sine Invuctive AND DEDuCTIVE REASONING 


What you Goll lax, la Tree 


cua) Identify and Oe Reasoning is used in mathematics, science, and everyday life. When you reach 
inductive and deductive aconclusion, called a generalization, based on several observations, you are 
reasoning. 


using inductive reasoning. Such a generalization is not always true. If a 
. counterexample is found, then the generalization is proved to be false. 
ou should learn it 


To use logical reasoning in 


mathematics and in everyday P EXAMPLE 1) Inductive Reasoning in Everyday Life 


life as in Examples 3 and 4. 
You go to the school library every day for a week to do research for a paper. You 
notice that the computer you plan to use is not in use at 3:00 each day. 
a. Using inductive reasoning, what would you conclude about the computer? 


b. What counterexample would show that your generalization is false? 


SOLUTION 


a. From your observations, you conclude that the computer is available every 
weekday at 3:00. 


b. A counterexample would be to find the computer in use one day at 3:00. 


k lookBack oo - °. 


For help with ) You use inductive reasoning when you make generalizations about number 
Ue aes patterns. You assume the next number in the sequence will follow the pattern. 


see p. 66. 
GIVE) Inductive Reasoning and Sequences 


Using inductive reasoning, name the next three numbers of the sequence 
1,35,9, 13,07, 2s 


SOLUTION 


The first step is to look for a pattern in the list of numbers. In this case, each 
number in the list is 4 more than the previous number (1 + 4=5,5+4=9, 
9+ 4 = 13, 13 + 4 = 17). The next three numbers would be 21 + 4 = 25, 
25 + 4 = 29, and 29 + 4 = 33. 


When you use facts, definitions, rules, or properties to reach a conclusion, you 
are using deductive reasoning. A conclusion reached in this way is proved to 
be true. Deductive reasoning often uses if-then statements. The if part is called 
the hypothesis and the then part is called the conclusion. When deductive 
reasoning has been used to prove an if-then statement then the fact that the 
hypothesis is true implies that the conclusion is true. 


Chapter 3 Extension 


T EXAMPLE 3 } Use of If-Then Statements 


During the last week of a class, your teacher tells you that if you receive an A on 
the final exam, you will have earned an A average in the course. 


a. Identify the hypothesis and the conclusion of the if-then statement. 


b. Supose you receive an A on the final exam. What will your final grade be? 


SOLUTION 


a. The hypothesis is “you receive an A on the final exam.” The conclusion is 
“you will have earned an A average in the course.” 


b. You can conclude that you have earned an A in the course. 


EXAMPLE 4 } Deductive Reasoning in Mathematics 


To show that the statement “If a, b, and c are real numbers, then (a + b) + c = 


(c + b) + a” is true by deductive reasoning, you can write each step and justify it 
Look Back using the properties of addition. 


For help with the 
properties of addition, 


(a+b)+c=ct+(atb) Commutative property 


see p. 73. =c+(b+a) Commutative property 


1838 


=(c+b)+a Associative property 


EXERCISES 


In Exercises 1-4, identify the reasoning as inductive or deductive. Explain. 
1. The tenth number in the list 1, 4, 9, 16, 25, ... is 100. 


2. You know that in your neighborhood, if it is Sunday, then no mail is 
delivered. It is Sunday, so you conclude that the mail will not be delivered. 


3. If the last digit of a number is 2, then the number is divisible by 2. You 
conclude that 98,765,432 is divisible by 2. 


4. You notice that for several values of x the value of x” is greater than x. You 
conclude that the square of a number is greater than the number itself. 


5. Find a counterexample to show that the conclusion in Exercise 4 is false. 


6. Give an example of inductive reasoning and an example of deductive 
reasoning. Do not use any of the examples already given. 


7. Name the next three numbers of the sequence: 0, 3, 6, 9, 12, 15, 18,... 


In Exercises 8 and 9, identify the hypothesis and the conclusion of the 
if-then statement. 


8. If you add two odd numbers, then the answer will be an even number. 
9. If you are in Minnesota in January, then you will be cold. 


10. Use deductive reasoning and the properties of addition to show that if z is a 
real number, then (z + 2) + (—2) = z. 


Chapter 3 Extension 


WHAT did you learn? 


Solve a linear equation 
* using addition and subtraction. (3.1) 
* using multiplication and division. (3.2) 
* using two or more transformations. (3.3) 
¢ with variables on both sides. (3.4) 
* involving decimals. (3.6) 


Rewrite an equation in function form, and find 
the output given the input. (3.7) 


Chapter Summary 


WHY did you learn it? 


Model and find increases and decreases. (p. 134) 
Find your distance from a thunderstorm. (p. 143) 
Find the temperature below Earth’s surface. (p. 147) 
Decide whether a membership is economical. (p. 156) 
Find the expansion gap for a bridge. (p. 171) 


Find unknown side lengths in similar triangles. 
(p. 141) 


Estimate the speed on Pathfinder’s flight to 
Mars. (p. 175) 


Prepare for graphing linear equations in two 
variables. (p. 176) 


Use linear equations to model and solve real-life 
problems 

* using a diagram. (3.5) 

* using a table or a graph to check. (3.5) 


Design a high school yearbook. (p. 160) 
Understand when a gazelle is a safe distance 
from a cheetah. (p. 162) 

Estimate how far a car can travel on a tank 
of gasoline. (p. 180) 


* involving rates, ratios, and percents. (3.8) 


How does Chapter 3 fit into the BIGGER PICTURE of algebra? 


In Chapters 1 and 2 you used mental math to solve simple equations. In this 
chapter you learned systematic equation-solving techniques that allow you to 
solve more complicated equations such as 0.5(x — 4) — (x — 8) = 16. These 
techniques are based on the rules of algebra and the methods for simplifying you 
learned in Chapter 2. 


You will need to solve linear equations when you solve linear inequalities in 
Chapter 6 and systems of equations in Chapter 7. 


STUDY STRATEGY The Distance Formula 
How did you use your SS. 
formula cards? _D= distance (infect, miles, kiometere, ec) ~~ 
One of the formula cards you made, T= rate (in feet per minute, miles per hour, etc.) 
using the Study Strategy on 


p. 130, may look like this one. — tench konto anit, 


_———____ aan 
eee 


Chapter Summary 


¢ equivalent equations, p. 132 ¢ linear equation in one ¢ similar triangles, p. 140 
* inverse operations, p. 132 variable, p. 133 * identity, p. 155 
* solution step, p. 133 * properties of equality, p.139 =» round-off error, p. 166 


¢ ratio of ato b, p. 140 


3-32 SOLVING EQUATIONS USING ONE OPERATION 
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GELVTATSD Use inverse operations to isolate the variable. 


y—4=-—6 — Write original equation. Ph 5 INP 
y=-—2 _ Add 4to each side. —x=10 
x=-10 
=m =—5 Write original equation. —TIn = 28 
m= —40 Multiply each side by 8. n=—4 


Solve the equation. 


1.y—15=-4 2.-7+x=-3 3.25 = —35-—c¢ 
__h Ps ees _— 
5. 36 = 1D 6 3W = 70 7.6m = —72 


TERR R eRe R Eee E HEHEHE OEE OHHH EEE EE HEHEHE HEHE HEHE EEEEEEEHEEEEEEEEEE HESS HEHEHE HEHE HEHEHE EEE ED 


* formula, p. 174 
* rate of a per b, p. 180 
* unit rate, p. 180 


Examples on 
pp. 132-134, 138-141 


HORNER EERE EERO ERE ee EERE EEE HEHE EEO EEE Eee 


Write original equation. 
Subtract 2 from each side. 


Xx is the opposite of 10. 


Write original equation. 


Divide each side by —7. 


4.—-11=z-(-15) 


2 os AD 
a4 G 


Examples on 
pp. 145-147 


OREN e RRR RRR E EOE EEE EEE E EEE EE OEE Eee 


. EXAMPLE } Solving some equations requires two or more transformations. 


—2p ={=5) = 2p = 13 Write original equation. 
—4p +5 = 13 Simplify. 


—4p =8 Subtract 5 from each side. 


p= 2 _ Divide each side by —4. 


Solve the equation. 


9.26-9=-1 0.$¢-12=-32 11. 44+2=0 


13.6r—2-9r=1 14.16=5(1—2x) 15. —3(6 - 2a) =6 


Chapter 3 Solving Linear Equations 


12. —2(4 —x) -7=5 


16.n — 4(1 + 5n) = —2 


Examples on 


a SOLVING EQUATIONS WITH VARIABLES ON BOTH SIDES pp. 154-156 


Gun To solve, try to collect the variable terms on one side of the equation. 


An equation with one solution: An equation with no solution: An equation with many solutions: 
—21d+15 = -—5d+7 30% —S) = (5. ay) 2s —5s+11=2-—3s+9 
15 = lod +7 open ils) = — Ila) = Gre = sr iil = iil = 25 
8 = léd [j= 115) 11=11 
ee 15 # —15 for any value of x, | The equation 11 = 11 is 
2 so the original equation has always true, so all values of s 
no solution. are solutions. 


Solve the equation if possible. 
17.92 + 24 = —3z 18.12—4h=—-18+ 11h 19. 24a — 8 — 10a = —2(4 — 7a) 


20. 9(-5 —) = -10-2r 21. =(3x — 9) =A(x+6) 22.6m—3=10—6(2—m) 


E. I 
_ a LINEAR EQUATIONS AND PROBLEM SOLVING pp. 160-162 


SRR R RRR eRe EERE EEE EERE EEE EEE EEE EEE EEE EEE ESSE EEE EE EE EEE EEE EHTS EEE EEEEEEEEEE REESE EEE EEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEESEEEE REED 


Adi hel 
GSC A diagram can help you to understand RIncecIZinc eee 


a problem. Two runners leave the starting line at the onan 
same time. The first runner crosses the finish line in | 25 +5 = 30min 
25 minutes and averages 12 kilometers per hour. The Runner 2 runs ? km/h. 

second runner crosses the finish line 5 minutes after Start Finish 


the first runner. Find the second runner’s speed. 


VERBAL Speed Time Speed of Time of 
MODEL of first |-| offirst |= second -| second 
runner runner runner runner 


LABELS Speed of first runner = 12 (kilometers per hour) 
Time of first runner = A (hour) 
Speed of second runner = x (kilometers per hour) 
Time of second runner = ; (hour) 


23. Write and solve the equation for the example. Then answer the question. 


24. % TOMATOES One tomato plant is 12 inches tall and grows 15 inches per 


week. Another tomato plant is 6 inches tall and grows 2 inches per week. 
When will the plants be the same height? Use a table or a graph to check. 


Chapter Review 


E. 1 
yi SOLVING DECIMAL EQUATIONS pp. 166-168 


EXAMPLE ] For some equations, you need to give an approximate solution. 


3.45m = —2.93m — 2.95 Write original equation. 
6.38m = —2.95 Add 2.93m to each side. 
m ~ —0.462382445 Using a calculator, divide each side by 6.38. 
m =~ —0.46 Round answer. (Use hundredths, as in original equation.) 


Solve the equation. Round the result to the nearest tenth. 


25. 13.7t — 4.7 = 9.9 + 8.1t 26. 4.6(2a + 3) =3.7a—-0.4 27. —6(5.61x — 3.21) = 4.75 


Examples on 


3.7 FORMULAS AND FUNCTIONS pp. 174-176 
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G@ETVTID You can solve the formula for the volume of a cone for the height h. 


V= amr7h Write original formula. 


3V = arh Multiply each side by 3. 
av =h Divide each side by xr’. 
Tr 


In Exercises 28-30, solve for the indicated variable. 
4 
28. S = 2arh for h 29. S = as(R +r) forr 30. R = for p 


31. Rewrite the equation 3x + 2y — 4 = 2(5 — y) so that y is a function of x. 
Then use the result to find y when x = —2, 0, 1, and 5. 


E h 
Dy RATES, RATIOS, AND PERCENTS pp. 180-182 
For a United States flag, the ratio "2" is 12. How long i 
EXAMPLE } or a United States flag, the ratio [> 77 1s {~. How long 1s a 
5-inch-wide flag? 
length of small flag —>x _ 1.9 


width oF emall tial Ce standard length to width ratio 


The solution of the equation is x = 9.5, so the flag is 9.5 inches long. 


32. You earn $210 in 40 hours. At this rate, how much do you earn in 55 hours? 


33. A cab driver typically receives about 15% of the fare charged as a tip. To earn 
a total of $30 in tips, about how much would a driver need to collect in fares? 


34. Convert 470 Ethiopian birrs to U.S. dollars. (1 dollar is 7.821 birrs.) 


Chapter 3 Solving Linear Equations 


Chapter Test 


Solve the equation if possible. 


1.2+x=8 2.19=a-—4 3. —3y = -18 
x oe eee eee 
4.i=5 B17 = 5-35 6. —3x-2=-8 
7. 29 - w) = -10 8. —3(x — 2) =x 

9.—-S5r—6+4r=-r+2 10. —4y — (Sy + 6) = —7y +3 


Solve the equation. Round the result to the nearest hundredth. 
11. 13.2x + 4.3 = 2(2.7x — 3.6) 12. —4(2.5x + 8.7) = (1.4 — 9.2x)(6) 


In Exercises 13 and 14, solve for the indicated variable. 
13. C=2nr,r 14. $= B+ 4PI,1 


15. Rewrite 3x + 4y = 15 + 6y so that y is a function of x. 

16. Use the result in Exercise 15 to find y when x = —1, 0, and 2. 

17. How many feet are in 3.5 kilometers? (Hint: 1 km ~ 3281 ft) 

18. % SHOVELING SNOW You shovel snow. You charge $7 per driveway and 


earn $42. Let x represent the number of driveways you shoveled. Which of 
the following equations is an algebraic model for the situation? 


Z Bes = a 
A. 42x =7 B. 5x = 42 C. 7x = 42 Daa! 


% EARNINGS In Exercises 19 and 20, your cousin earns about $25 per 
week baby-sitting and receives one $5 bonus. You earn about $15 per 
week mowing lawns and $12 per week running errands. After working 
the same number of weeks, you have $11 more than your cousin. 


19. Write and solve an equation to find how many weeks you worked. 
20. Check your solution in Exercise 19 with a table or a graph. 


21. “ SAVINGS INTEREST You invest $400. After one year, the total of the 
investment is $414.40. Use the formula A = P + Prt to find the annual 
simple interest rate for the investment, where A is the total of the 
investment, P is the principal (amount invested), r is the annual simple 
interest rate, and f is the time in years. 


In Exercises 22 and 23, write and solve an equation to answer the question. 


22. “™ VOLUNTEER WORK You stuffed 108 envelopes in 45 minutes. At this 
rate, how many envelopes can you stuff in 2 hours? 


23. % WAGES After an 8% increase in your wages, you receive $.94 more 
per hour. About how much did you receive per hour before the increase in 
your wages? 


Chapter Test 


stay focused on the test. 


1. MULTIPLE CHOICE Solve 4 — x = —S. 
@ -1 1 © -9 
D9 @? 

2. MULTIPLE CHOICE Which of these steps can 


you use to solve the equation Sx = 12? 


I. Multiply by 2. Il. Divide by >. 
ply by = 3 


Il, Divide by 2. 


CD) | only Ill only 
© land Il @D Ill and IV 
CE) None of the above 


3. MULTIPLE CHOICE The perimeter of the 
rectangle is 30. Find the value of x. 


IV. Multiply by 2. 


3x 

31 
BD 3 a © 10 
@D 4 © 31 

4. MULTIPLE CHOICE If 9x — 4(3x — 2) = 4, 
then x = 2. 
4 4 

Q 3 —3 @Q-4 
OD 4 Ee 2 


5. MULTIPLE CHOICE How many solutions does 
the equation —2y + 3(4 — y) = 12 — 5y 


have? 
CD) none one ©) two 
@®) three } an infinite number 


6. MIULTIPLE CHOICE Solve the equation 
(27x 4-8) = 12 + 6G =4), 
@ —6 
MD 2 


@®-3 
4 


© —-2 


Chapter 3. Solving Linear Equations 


Chapter Standardized Test 


Cc TEST TAKING STRATEGY As soon as the testing time begins, start working. Keep moving and 


7. 


10. 


11. 


12. 


MULTIPLE CHOICE If 0.75t¢ = 12, then 


t= 2. 
@ 2 8 O9 
®D 12 © 16 

. MULTIPLE CHOICE You sell hot dogs for 


$1.25 each. Which equation can you use to 
find how many hot dogs you sold if you have 
$60 from selling hot dogs? 


@® ray = 1,25 60x = 1.25 
= = 
© 1.25 = 60 G 75x = 60 


 (1.25)(60) = x 


. MULTIPLE CHOICE Find the value of y if 
13.56y — 14.76 = 3(4.12y — 6.72). 
BD —4.5 =2560 (e7H12 
@® 1.2 &® 2.70 
MULTIPLE CHOICE Use the equation 
2(2 — y) = 3x. What are the values of y 
when x = ~4, 0,3, and 3? 
5 48 2 
BD 4,2,1,-5 B43 q -3 
©& 8,2,1,-2 BD 16, 4,2, -5 
5 
<>) —8; =2; -L5 


MULTIPLE CHOICE The sales tax is 6%. 
Which is the total charge for your meal before 
tax if the sales tax came to $.87? 


@) $14.30 $5.22 Cf $6.90 
@® $1.45 © $14.50 

MULTIPLE CHOICE If x = —5 is a solution of 
2x + tx — 5 = 30, what is the value of rt? 

@D -9 mt © —5 

®D 3 <e 


QUANTITATIVE COMPARISON In Exercises 13 and 14, choose the statement 
that is true about the value of the variable. 


CD The value in column A is greater. 
The value in column B is greater. 
©) The two values are equal. 


@®> The relationship cannot be determined from the given information. 


Column A Column B 
13. The value of b in the The value of b in the 
formula A = sph when formula A = sbh when 
A = 39 andh = 6 A = 78 andh = 12 


14. The value of A in the The value of A in the 


formula A = sbh when formula A = sbh when 
h = 32 h=5 


15. MIULTIPLE CHOICE Out of 225 people surveyed, 183 said yes. Which 
equation can you use to estimate how many people would say yes if 
600 people were surveyed? 


PDD sc, 2K _x _ 183 =, 183 225 _ x 


16. IMIULTI-STEP PROBLEM Karim and his three children enjoy ice skating. The 
town ice skating rink charges $10.00 for adults and $6.50 for children per 
visit. The rink also offers a one-year family membership for $650.00. The 
membership offers a family unlimited ice skating throughout the year. 


Karim’s schedule is so busy that he has at most two days each month to go 
ice skating with his children. Karim wants to decide whether it is worthwhile 
for him to purchase the one-year membership. 


a. Let r represent the number of times Karim’s family (Karim and his 
children) visits the ice skating rink during the year. Write a variable 
expression for each of the following costs: the cost of one child’s visits to 
the rink during the year, the cost of Karim’s visits to the rink during the 
year, the total cost of the family’s visits to the rink during the year. 


b. Karim decides to compare the total cost of the family’s visits during the 
year to the membership cost. Write an equation that models the situation. 
Then solve the equation. 


c. How much money will Karim lose or save by purchasing the membership 
if he and his children find the time to visit the skating rink 27 times in the 
year? if they only visit the skating rink once a month? 


d. Writing Based on your results in parts (b) and (c), make a 
recommendation to Karim. Should he buy the one-year membership with 
unlimited visits or should he pay for each visit? Explain your reasoning. 


Chapter Standardized Test 


Cumulative Practice 


Evaluate the numerical expression. (1.3, 2.1, 2.7) 


1.5 + 3(18 = 6) 2.3.6+(2+4)+ 12 3. [2(9 — 5) + 1] +3? 

4. |6 — 14| — 2.5(7) 5. 2(3.5) — | 13.2 — 7.21| 6. 4(12.7 — 31.2) + 3.6 
419 —2 3-2 

7.20-3+7=(-8) 3 40-9) eae) 


(7)(8) "> om 


Evaluate the variable expression. (1.3, 2.5, 2.7) 


10. —20 — 4y when y = —3 11. r + 6(5 — r) when r =10 

12, 5 when x = 22 and y = 7 13, °*—*l when x = 3 and y = 6 
10x? — 8 xy 1 

14, when x = —2andy = 11 15. F479 When x = 10 and y = —> 


Check whether the number is a solution of the equation or inequality. (1.4) 
16.4 + 2x = 12;2 17. 6x —5 = 13;3 18. 3y + 7 = 4y — 238 
19.x-—4<6;9 20.5x + 3>8;1 21.9-—x=x+3;3 


Write the verbal phrase or sentence as an expression, an equation, or an 
inequality. (1.5) 


22. A number cubed minus eight 

23. The sum of four times a number and seventeen 

24. Four less than twice a number is equal to ten. 

25. The product of negative three and a number is greater than twelve. 


26. The quotient of twenty and a number is less than one. 


Perform the indicated matrix operation. (2.4) 


=5 5| [2 6 
27. Fi ee | 23.}-2 -1|-| 4 -5 
8 4 1 =10 


23 -6 1 3 20 -7 
29.|_ 7 fy ales es Ht 30.14 -2 -7 1]-[6 -4 -8 -1] 


Find the probability of choosing the indicated letter from a bag that 
contains the letters of the word. (2.8) 


31. Letter: A 32. Letter: I 

Word: MATHEMATICS Word: DIAMETER 
33. Letter: P 34. Letter: A 

Word: PHILADELPHIA Word: ALEXANDRIA 


Chapters 1-3 


Solve the equation. (3.1-3.4) 


35.x+11=19 36. -7-x=-2 37. 9b = 135 
38. 35 = 3c — 19 39.6 -9=-1 40. 4(2x — 9) = 6(10x — 6) 
41.3(q—-12)=5q+2 42. -2(2x +5) =6 43. 9(2p + 1) — 3p = 4p — 6 


Solve the equation. Round the result to the nearest hundredth. (3.6) 
44. —3.46y = —5.78 45. 4.17n + 3.29 = 2.74n 
46. 4.2(0.3 + x) = 8.7 47. 23.5a + 12.5 = 5.2(9.3a — 4.8) 


In Exercises 48-50, rewrite the equation so that x is a function of y. Then use 
the result to find x when y = —2, 0, 1.5, and 3. (3.7) 


48. x + oe =—3 49. 2(3y — 1) = 4x 50. —3(x + y) +4 =7y 


51. % TEMPERATURE Suppose the temperature outside is 82°F. What 
is the temperature in degrees Celsius? Use the formula C = aG — 32). (1.1) 


52. ©) SILVER PRODUCTION The table shows the amount (in metric tons) of 
silver produced in the United States for different years. Make a line graph of 
the data. (1.6) 


Year j teen | ssa | 999 | tgo0 | ta05 | 1906 | 
Amount (metic tons) 


> Source: U.S. Geological Survey 


53. 4 FUND RAISER Your school band is planning to attend a competition. 
The total cost for the fifty band members to attend is $750. Each band 
member will pay $3 toward this cost and the rest of the money will be raised 
by selling wrapping paper. For each roll of wrapping paper sold, the band 
makes $2. Write and solve an equation to find how many rolls the band 
members need to sell. (3.3) 


54. CONNECTION The volume of a circular cylinder with a radius of 
1.5 inches is about 42.4 cubic inches. Find the cylinder’s height. Round to 
the nearest tenth. (Hint: Volume of a circular cylinder = ar7h) (3.7) 


% VACATION IN SWEDEN In Exercises 55-57, use the following 
information. You are vacationing in Sweden and have taken $620 to 
spend. The rate of currency exchange in Sweden is 7.827 kronor 
(plural of krona) per United States dollar. (3.8) 


55. If you exchange + of the entire amount, how many kronor will you receive? 


56. After your vacation, you have 1255 kronor left. If the exchange rate is the 
same, how many dollars will you get back? 


57. If you exchanged the entire amount at the start of your vacation, how many 
kronor would you have received? 


Cumulative Practice 


Chapters 1-3 


OBJECTIVE Comparing the expenses and income of a business to 
determine profitability. 


Materials: paper, pencil, graphing calculator or computer (optional) 


INVESTIGATION 
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In Exercises 1-8, use the financial plan below. 


My summer window-cleaning business: Financial Plans 
1. Expenses: 
+ Paper towels cost $90 for a 60-sheet roll. 
+ Spray window cleaner costs $198 for a 33-ounce bottle. 
- A step ladder costs $2500. 


2. Income (per window): 


Number of windows 1-14 1b or more 
Outside only $60 $50 
Outside and inside $110 $1.00 


1. You use two paper towels and 0.5 ounce of window cleaner to clean 
one side of a window. What is the total cost of materials to clean 
one side of a window? 


2. Write an equation to find the cost C of cleaning one side of x windows. 


3. Copy and complete the table. You may want to use a spreadsheet. 


Nunber of windows [AE ES ET 
? ? ? 


Cost for one side ? 


Cost for both sides ? ? ? ? 


4. Write an equation for the income / for cleaning both sides of x windows 
when x < 15. 


5. How much profit will you make for cleaning both sides of 15 windows? 


6. What is your total profit for cleaning the windows of 6 houses (inside and 
outside) with 12, 17, 13, 9, 14, and 10 windows respectively? 


7. How many windows do you have to clean to pay for your step ladder? 
Explain your reasoning. 


8. What would it mean if you found a negative profit? 


PRESENT YOUR RESULTS 


siuscbasvahssicsascueccacs Secssisacsueseuactesnssecexececsestossscncsecctesecal SUMMEP 
Write a report about your window cleaning plans. BUSINESSES 
¢ Include a discussion of income and expenses. A Research & Survey 


¢ Include your answers to Exercises 1-8. 


¢ Explain how the cost of the ladder is a 
different kind of expense from the cost of 
paper towels and the window cleaner. 


You may want to find out whether this business By kids like ug 
would work in your neighborhood. 


¢ Survey some of your neighbors to find the price 
they would be willing to pay to have their 
windows cleaned. 


¢ Do some research to find out what local businesses 
pay workers for similar work. 


¢ Find out what the minimum hourly wage is. How 
many windows would you have to clean each hour 
to earn that amount? 


Think of a business that you would like to start. 


1. If you can, interview someone who has experience 
with the type of business you are interested in. 
What advice can that person give you? 


2. Do some research to find out what kind of supplies 
or equipment you would need to get started and 
the cost of these items. 


3. Decide what you could charge customers for 
this service. 


4. Survey some of your friends and 
neighbors to find the price they 
would be willing to pay for 
such a product or service. 


5. Write a financial plan for 
your business. 


Project 
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CHAPTER 


APPLICATION: Transportation | nn 7 


Before 1§73, public transpor- a sta 
tation in San Francisco was Fe ; ™ 
provided by horse-drawn wagons. i A mr oe - 
To design a transportation system, 
people needed a mathematical 
way to describe and measure 


steepness. 


Think & Discuss 


1. What are some other real-life situations when 
steepness is important? When is steepness 
helpful? When is steepness a problem? 


2. How would you describe the steepness of the 
sections of street shown below? 


i 


Not drawn to scale 


(cross section of side view) 


Learn More About It 


Slope is a measure of steepness. You will calculate 
the slope of this street in Exercise 55 on p. 231. 


<PNE> = Bee 5 
= =a) APPLICATION LINK Visit www.mcdougallittell.com 
co} for more information about cable cars. 


Bos) TAP 


CHAPTER 


4 lime” 


What’s the chapter about? 


Chapter 4 is about graphing linear equations. In Chapter 4, you’ll learn 


¢ how to graph linear equations. 
* two ways to graph linear equations quickly. 
* how to tell whether an equation or a graph represents a function. 


KEY VOCABULARY 


> Review > New e y-intercept, p. 218 
* variable expression, p. 3 * coordinate plane, p. 203 * slope, p. 226 


* solution of an equation, p.24 ° scatter plot, p. 204 * rate of change, p. 229 
* function, p. 46 ¢ graph of a linear equation, * slope-intercept form, p. 241 


* linear equation, p. 133 p. 210 * function notation, p. 257 
* x-intercept, p. 218 


Are you ready for the chapter? 
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SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Rewrite as a decimal and as a fraction in lowest terms. (Skills Review, p. 784) 


1. 50% 2. 75% 3. 1% 4. 20% 


Use the function y = 5x + 70, where x = 0. (Review Examples 1 and 2, pp. 46-47) 


5. For several inputs x, use the function to calculate an output y. 


. Study Tip 6. Represent the data with a line graph. 


“Student Help” boxes 7. Describe the domain and range of the function. 
throughout the chapter 

give you study tips and Evaluate the expression for the given values of the variables. 
tell you where to look for (Review Example 3, p. 109) 


extra help in this book 


and on the Internet. x + 2y 


8. <= when x = —3 andy = —1 9. when x = 6 and y = 3 


x 


Here’s a study 


STUDY 
strategy! 


ARERR Eee E RHEE EEE EEE E EEO HEHEHE EEE HEHEHE EE EEE EEE EEHEEEE EEE EEEEEEEEEEEED 


Getting Your Questions Answered 


Each day after you finish your math homework 
write a list of questions about things you don , 
understand. Ask your teacher or another 
student to answer your questions and write 
the explanations in your notebook. 


Chapter 4 


Coordinates and 
Scatter Plots 


PGOAL 1) PLOTTING POINTS IN A COORDINATE PLANE 


A coordinate plane is formed by two real number lines that intersect at a right 
What. you should learn angle. Each point in the plane corresponds to an ordered pair of real numbers. 


Plot points in a The first number in an ordered pair is the x-coordinate and the second number 
coordinate plane. is the y-coordinate. The ordered pair (3, —2) has an x-coordinate of 3 and a 


Draw a scatter plot y-coordinate of —2 as shown in the graph at the left below. 
and make predictions about 


real-life situations as in a 4 y | r y 
Example 3. _ vertical | 3 td 
or y-axis horizontal | ry Ps 
Fi anes 5) ae — Quadrant Il Quadrant | 
Why you should learn it or X-axis 1 mH ‘ (+, 4] 


YW To solve real-life problems 
such as predicting how much 
film will be developed for the 
Winter Olympics in the year 


2002 in Ex. 38. 
Is 


4 12. PO] bod 34x 


Quadrant II|_2|——. Quadrant IV 
(-,-)_L | | t+, -} 


(0, —4)4 


The x-axis and the y-axis (the axes) divide the coordinate plane into four 
quadrants. You can tell which quadrant a point is in by looking at the signs of its 
coordinates. 


In the diagram at the right above, the point (4, 3) is in Quadrant I. The point 
(0, —4) is on the y-axis and is not inside any of the four quadrants. 


The point in the plane that corresponds to an ordered pair (x, y) is called the 
graph of (x, y). To plot a point, you draw the point in the coordinate plane that 
corresponds to an ordered pair of numbers. 


EXAMPLE 1 ] Plotting Points in a Coordinate Plane 


a. To plot the point b. To plot the point c. To plot the point 
(3, 4), start at the (—2, —3), start at the (2, 0), start at the 
origin. Move 3 units origin. Move 2 units origin. Move 2 
to the right and to the left and 3 units units to the right 
4 units up. down. and 0 units up. 


4.1 Coordinates and Scatter Plots 


GMO usine a Scatter PLOT 


Many real-life situations can be described in terms of pairs of numbers. Medical 
charts record both the height and weight of the patient, while weather reports 
may include both temperature and windspeed. One way to analyze the 
relationships between two quantities is to graph the pairs of data on a coordinate 
axis. Such a graph is called a scatter plot. 


By 4 GTVTTED Making a Scatter Plot 
y, » 


You are the student manager of your high school soccer team. You are working 
on the team’s program guide and have recorded the height and weight of the 
eleven starting players in the given table. 


| Heiattviny | 72 | 70 | 71 | 70 | 69 | 70 | 69 | 73 | 66 | 70 | 76 | 


| weianea) | 190] 170 | 180] 175 | 160] 160 | 150 | 180 | 150 | 150] 200 | 


a. Make a scatter plot of the data. Put 
height / on the horizontal axis and 
weight w on the vertical axis. 


(66, 150), (69, 150), (70, 150) 
(69, 160), (70, 160) 
(70, 170), (70, 175) 
(71, 180), (73, 180) 
(Te, 120) 
(76, 200) 


b. Use the scatter plot to estimate the 
weight of a player who is 69 inches 
tall and of one who is 71 inches tall. 


c. In general, how does 
weight change as 
height changes? 


d. What would you expect 
a player who is 74 inches 
tall to weigh? 


SOLUTION 


a. Plot each ordered pair, 
as shown at the right. 


weight (Ib) 


b. The two players who 
are 69 inches tall weigh 66 67 68 69 70 71 72 73 74 75 76h 
150 pounds and rT | | 7 YJ heighttiny | | | | | 
160 pounds, so a good a 
estimate would be about 155 pounds. The player who is 71 inches tall weighs 
180 pounds, so a possible estimate would be about 180 pounds. 


c. As height increases, it appears that weight increases. 


d. There is no given data value for a player who is 74 inches tall. However, the 
oy HOMEWORK HELP 72-inch-tall player weighs 190 pounds, the 73-inch-tall player weighs 
% Visit our Web site 180 pounds, and the 76-inch-tall player weighs 200 pounds, so a good 
www.medougallittell.com estimate of the weight of a 74-inch-tall player would be between 
for extra examples. 190 and 195 pounds. 
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You can use scatter plots to see trends in data and to make predictions about the 
future. 


T EXAMPLE 3 | Describing Patterns from a Scatter Plot 


WINTER SPORTS EQUIPMENT The amount (in millions of dollars) spent 
in the United States on snowmobiles and ski equipment is shown in the table. 


a. Draw a scatter plot of each set of data in the same coordinate plane. 


b. Describe the pattern of the amount spent on snowmobiles. 


c. Describe the pattern of the amount spent on ski equipment. 


Year 


Snowmobiles 322 362 391 515 715 924 970 


Ski equipment 606 577 627 611 652 607 644 


ERNE? 
yt] DATA UPDATE of National Sporting Goods Association data at www.mcdougallittell.com 


SOLUTION 


a. Because you want to see how spending changes over time, put time f on the 
horizontal axis and spending s on the vertical axis. Let ¢ be the number of 
years since 1990. The scatter plot is shown below. 


Winter Equipment 


Snowmobiles 
e 
e 


° | e 
i e if 
Ski equipment 


FOCUS ON 


a 
—_ 
= 
o 
—) 
— 
S 
a 
& 
= 
= 
= 
= 
o 
APPLICATIONS Ce 
= 
= 
S 
° 
= 
<= 


3 4 5 
Years since 1990 


b. From the scatter plot, you can see that the amount spent on snowmobiles 


= ‘. SNOWMOBILES has been increasing rapidly since 1990. 
Ss have proven essen- 
tial in the search and rescue 
field. They can often reach 
mountainous areas more 
quickly than an aircraft. 


c. The amount spent on ski equipment has been fairly constant since 1990. The 
amount spent has stayed around $600 million. 


4.1 Coordinates and Scatter Plots 


GUIDED PRACTICE 


Vocabulary Check 7 1. In the ordered pair (4, 9), the x-coordinate is _? . 


Concept Check J 2. Decide whether the following statement is true or false. Each point in a 
coordinate plane corresponds to an ordered pair of real numbers. 


Skill Check J 3. Write the ordered pairs that correspond to the points 
labeled A, B, and C in the coordinate plane at the right. 
Plot the ordered pairs in a coordinate plane. 
4. A(4, —1), B(5, 0) 5. A(—2, —3), B(-3, —2) 
6. The point (—2, 5) lies in Quadrant _? . Ex.3 


SCATTER PLOT In Exercises 7 and 8, draw a scatter plot of the given data. 


rise | 179] s399|si9] sso 


9. % SNOWMOBILE SALES Use the scatter plot in Example 3. If you were given 
the amounts spent on snowmobiles from 1990 through 1992 only, would your 
description of the pattern be different than the one given in the Example? 


PRACTICE ano APPLICATIONS 


COCO EE EE OEE EEE ESET EE EEE SEE EEEEEE EEE EEE EE EE SEES ESSE EEEE EEE EEE EE EEEEEEEEEEEE EEE SEES EE EEEEEEEEEEESEEEEEEEEOEEESESEEEOEES 


_ ccc IDENTIFYING ORDERED PAIRS Write the ordered pairs that correspond to 
Extra Practice the points labeled A, B, C, and Din the coordinate plane. 
to help you master 
skills is on p. 800. 


PLOTTING POINTS Plot and label the ordered pairs in a coordinate plane. 


13. A(0. 3), 3-2, — 1), €@,, 0) 14. A(5, 2), B(4, 3), C(—2, —4) 

15. A(4, 1), B(O, —3), C(3, 3) 16. A(0, 0), B(2, —2), C(—2, 0) 

17, A(—4, 1); BE 1, S)-CW, =4) 18. AG; —5),; BLS, 3). Cl=3, =1) 
HOMEWORK HELP IDENTIFYING QUADRANTS Without plotting the point, tell whether it is in 
Example 1: Exs. 10-26 Quadrant I, Quadrant II, Quadrant III, or Quadrant IV. 
Example 2: Exs. 33-37 _ = = 
Example 3: Exs. 27-32 19.:(3,-=3) 20. (—2, 7) 21. (6, 17) 22. (14, —5) 

23. (-4, 2) 24. (3, 9) 25, 1-9, 2) 26. (—5, 6) 
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[. Look Back 


For help with breaks 
in the scale of a graph, 
see p. 41. 


FOCUS ON 
APPLICATIONS 


es AMERICAN 

> FLAMINGOES 
have distinctive and unusual 
features. Their extremely 
long neck and legs give the 
impression that the bird 
could fly backwards. When 
the flamingo’s wings are fully 
extended, you can see the 
black in its wings. 


% CAR COMPARISONS In Exercises 27-32, use the scatter plots. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


In the Weight vs. Length graph, wha cro k—<$§ 
the units on the horizontal axis? What are Weight vs. Length 
the units on the vertical axis? L | 

— e 
In the Weight vs. Length graph, estimate = an Ale | 
the coordinates of the point for a car that = 100 oer = 
weighs about 4000 pounds. = i590 


Which of the following is true? ow 
. 0 2000 3000 4000 w 
A. Length tends to decrease as weight Weight (Ib) 
increases. 


B. Length is constant as weight increases. 


C. Length tends to increase as weight 
increases. 


= G 

co 
D. Length is not related to weight. = 28 ts 

= e 
In the Weight vs. Gas Mileage graph, Ss a ° 
what is the value of w in the ordered pair 2 20 \ te 
(2010, 29)? What is the value of G? PA i fon Wt Wl 

oOo 

INTERPRETING DATA In the Weight vs. pee 3000 = 4000 w 
Gas Mileage graph, how does gas mileage Weight (Ib) 


tend to change as weight increases? 


CRITICAL THINKING How would you expect the length of a car to affect its 
gas mileage? Explain your reasoning. 

GATHERING DATA Write a list of ten songs in alphabetical order. Put songs 
you like on the list and some you don’t like. Make two copies. On one copy, 


rank the songs from | to 10 (1 for the most liked and 10 for the least liked). 
Then ask a friend to rank the songs without looking at your rankings. 


INTERPRETING A GRAPH Make a scatter plot with your song ratings from 
Exercise 33 on the horizontal axis and your friend’s ratings on the vertical 
axis. What conclusions (if any) can you draw from the scatter plot? 


(Kole CONNECTION In Exercises 35-37, the table shows the wing length in 
millimeters and the wing-beat rate in beats per second. 


Peer akon eal 


35. 


36. 


37. 


Make a scatter plot that shows the wing lengths and wing-beat rates for the 
six birds. Use the horizontal axis to represent the wing length. 


What is the slowest wing-beat rate shown on the scatter plot? What is the 
fastest? Where are these located on your scatter plot? 


INTERPRETING DATA Describe the relationship between the wing length and 
the wing-beat rate. 


4.1 Coordinates and Scatter Plots 


SxaDd 
Test = 38. MIULTI-STEP PROBLEM The table below shows the number of rolls of film 
Prep aration developed for the United States media at the Winter Olympics. 


Number of years since 1980, t | 4 |-8. | a2 | a4 | 18 (| 


a. Construct a scatter plot of the data. Describe the pattern of the number of 
rolls of film developed for the Winter Olympics from 1984 to 1998. 


b. Writing Predict the number of rolls of film that will be developed for 
the Winter Olympics in the year 2002. Explain how you made your 
prediction. 


* Challenge % Music Sara thought that there might be a relationship between the 
number of songs and the number of minutes of music recorded on a CD. 
She collected the following data from five CDs she had on her desk. 


Number of songs, s 


15 12 13 16 18 
Number of minutes, m 


39. Make a scatter plot of Sara’s data. What relationship do the data suggest? 


40. To check her findings, Sara collected data from five more CDs. Make a new 
scatter plot of these data. What relationship do the data suggest? 


Number of minutes, m 


41. CRITICAL THINKING Do you think there is a relationship between the 


number of songs and the number of minutes on a CD? Explain your 
www.mcdougallittell.com reasoning. How could you test whether there is a relationship? 


MiIxeD REVIEW 


COOPER HERE EEE EEE TEESE EEE HEHEHE EEE EEE EEE EEEE EEE EEEEE SEES EEE EE EEEE EEE EEE EEE EE EE EEE EEEEEEEEEEEEEEEEEEEEHEEEEEEEEEEEEEEEEE 


EVALUATING EXPRESSIONS Evaluate the expression for the given value of 
the variable. (Review 1.3 and 2.5 for 4.2) 


42. 3x + 9 when x = 2 43. 13 — (y + 2) wheny = 4 
44. 4.2t + 17.9 when t = 3 45. —3x — 9y when x = —2 andy = —1 


USING EXPONENTS Evaluate the expression. (Review 1.2) 
46. x? — 3 whenx = 4 47. 12 + y*> when y = 3 


ABSOLUTE VALUE In Exercises 48-51, evaluate the expression. (Review 2.1) 
- a =2 
48. | —2.6| 49. | 1.07| 50. | 51. | ; | 


52. “) TEEN SAVINGS Ina survey of 500 teens, 345 said they have a savings 
account. What is the experimental probability that a randomly chosen teen in 
the survey has a savings account? (Review 2.8) 
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© ACTIVITY 4.1 


Using Technology 


N. 
x ey KEYSTROKE 


=, 
HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


> SOLUTION 


1) Write the data as a set of ordered pairs. Use age as the 
x-coordinate and time as the y-coordinate, for example 
(10, 7.95). Use the STAT EDIT feature to enter the 


Graphing Calculator Activity for use with Lesson 4.1 


Graphing a Scatter Plot rn 


> EXAMPLE 


The table below shows the maximum time allowed for boys in the 1-mile run to 
qualify for the President’s Physical Fitness Award. Use a graphing calculator or a 


computer to make a scatter plot of the data. 
16 17 
6.13 | 6.10 


2) Use to describe the size of the 
graph. The x-values are between 0 and 20. 


The y-values are between 0 and 10. 


Age (years) 


ordered pairs as List 1 and List 2. 


2URWN = O]= 


3) Use STAT PLOT. In this window, select scatter plot, 


List 1 for the x-values, a 


PULOES PUOES 


Off 


Type: Bal 
wk OH 


XEnsitL 1 
Nienisitissk 2 


Mark:B} e - 


} 


K Study Tip 


You will use the skills 
from this activity to help 
with the activity on 
page 299. 


WINDOW 
Xmin=0 
Xmax=20 
Xscl=5 
Ymin=0 
Ymax=10 
Yscl=2 


The x-scale is the 
number of units 
per mark on the 
x-axis of the graph. 


nd List 2 for the y-values. 


10 
8 
ts 6 
ie 4 
Tick marks 2 
willbe 5 units 9 
apart on the 
X-axis. 


> EXERCISES 


1. LOOK FOR A PATTERN Describe any patterns you see in the scatter plot you 
made in the example above. 


The table below shows the maximum time allowed for girls in the 1-mile 
run to qualify for the President’s Physical Fitness Award. 


13 14 15 16 17 
8.22 | 7.98 | 8.13 | 8.38 | 8.25 


2. Use a graphing calculator to make a scatter plot of the data. 


10 
9.32 


11 12 
9.03 | 8.38 


Age (years) 


Time (minutes) 


3. LOOK FOR A PATTERN Describe any patterns you see in the scatter plot. 


4. How does this scatter plot differ from the scatter plot for the boys’ times? 


4.1. Technology Activity 


Graphing Linear Equations 


G2 crarnine a Linear Equation 
_ What. you should learn 


Graph a linear A solution of an equation in two variables x and y is an ordered pair (x, y) that 
dene using a table or a makes the equation true. The graph of an equation in x and y is the set of all 
Pua es: points (x, y) that are solutions of the equation. In this lesson you will see that the 


GON Graph horizontal graph of a /inear equation is a line. 
and vertical lines. 


Whyy TELIA TAA T EXAMPLE 1 ) Verifying Solutions of an Equation 


Y To solve real-life problems 
such as finding the amount 


of calories burned twhihing for Use the graph to decide whether the point Saee 
tra ibrorgrten Thiet iim lies on the graph of x + 3y = 6. Justify your 
Exs. 65-03. Lin answer algebraically. Pt} ers 
mn 
——" a. (1, 2) aBeRe | 


- = 
b. (—3, 3) cd ed 


SOLUTION 


a. The point (1, 2) is not on the graph of x + 3y = 6. This means that (1, 2) is 
not a solution. You can check this algebraically. 


x + 3y =6 Write original equation. 
1+32)26 Substitute 1 for x and 2 for y. 
7T#6 Simplify. Not a true statement 


> (1, 2) is not a solution of the equation x + 3y = 6, so it is not on the graph. 
b. The point (—3, 3) is on the graph of x + 3y = 6. This means that (—3, 3) is a 
solution. You can check this algebraically. 
x + 3y =6 Write original equation. 
—3 + 333) 26 Substitute —3 for x and 3 for y. 
6=6 Simplify. True statement 


> (—3, 3) is a solution of the equation x + 3y = 6, so it is on the graph. 


In Example | the point (—3, 3) is on the graph of x + 3y = 6, but how many 
points does the graph have in all? The answer is that most graphs have too many 
points to list. Then how can you ever graph an equation? One way is to make a 
table or a list of a few values, plot enough solutions to recognize a pattern, and 
then connect the points. Even then, the graph extends without limit to the left of 
the smallest input and to the right of the largest input. 
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When you make a table of values to graph an equation, you may want to choose 
values for x that include negative values, zero, and positive values. This way you 
will see how the graph behaves to the left and right of the y-axis. 


EXAMPLE 2 ] Graphing an Equation 


Use a table of values to graph the equation y + 2 = 3x. 


SOLUTION 


[_ a Rewrite the equation in function form by solving for y. 
Look Back y+2=3x 


: a Write original equation. 
For help with rewriting 


equations in function y=3x-2 Subtract 2 from each side. 


form, see p. 176. 
Choose a few values for x and make a table of values. 


Choose x. Substitute to find the 
corresponding y-value. 


y = 3(-1) -2=—-5 


y = 3(0) -2=-2 
,=30—oS4 
y=30)—2=4 


With this table of values you have found 
the five solutions (—2, —8), (—1, —5), 
(0, —2), (1, 1), and (2, 4). 


Plot the points. Note that they appear to lie 
on a straight line. 


> The line through the points is 
the graph of the equation. 


In Lesson 3.1 you saw examples of linear equations in one variable. The solution 
Came HOMEWORK HELP of an equation such as 2x — 1 = 3 is areal number. Its graph is a point on the 
% Visit our Web site real number line. The equation y + 2 = 3x in Example 2 is a linear equation in 


www.mcedougallittell.com two variables. Its graph is a straight line. 
for extra examples. 


GRAPHING A LINEAR EQUATION 


STEP @ Rewrite the equation in function form, if necessary. 
STEP ® Choose a few values of x and make a table of values. 


STEP © Plot the points from the table of values. A line through these 
points is the graph of the equation. 


4.2 Graphing Linear Equations 


K Skills Review 


For help with fraction 
operations, see 
pp. 780—782. 


ly 
ig 
Inter ccess 


T EXAMPLE 3 | Graphing a Linear Equation 


Use a table of values to graph the equation 3x + 2y = 1. 


SOLUTION 


@ Rewrite the equation in function form by solving for y. This will make it 
easier to make a table of values. 


3x + 2y=1 Write original equation. 
2y = —3x+ 1 Subtract 3x from each side. 
_ _3 1 ne . 
y= ~Hx + oy Divide each side by 2. 


® Choose a few values of x and make a table of values. 


| thoosex, |-2| 0 | 2 


With this table of values you have found 
three solutions. 


(2.3): (0.2). (2,-3) 


© Plot the points and draw a line through them. 


> The graph of 3x + 2y = 1 is shown at the right. 


T EXAMPLE 4 } Using the Graph of a Linear Model 


An Internet Service Provider estimates that the number of households h (in 
millions) with Internet access can be modeled by h = 6.76t + 14.9, where t 
represents the number of years since 1996. Graph this model. Describe the graph 
in the context of the real-life situation. 


SOLUTION 

Make a table of values. 
Use 0 = t = 6 for 
1996—2002. 


Internet Access 


Households (millions) 


Years since 1996 


> From the table and the graph, you can see that the number of households with 
Internet access is projected to increase by about 7 million households per year. 
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PGOAL 2) HORIZONTAL AND VERTICAL LINES 


AOR eee emanate eee eee EEE EEE EEE EEE EE EEE HEHEHE EE EEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEE EEE EEE EE EEE EEE EES 


All linear equations in x and y can be written in the form Ax + By = C. When 
A = 0 the equation reduces to By = C and the graph is a horizontal line. When 
B = O the equation reduces to Ax = C and the graph is a vertical line. 


EQUATIONS OF HORIZONTAL AND VERTICAL LINES 


In the coordinate plane, the graph In the coordinate plane, the graph 
of y = bisa horizontal line. of x = ais a vertical line. 


GIVE Graphing y = b 


Revereeeumas Graph the equation y = 2. 
Study Tip 


_ The equations y = 2 SOLUTION 


and Ox + ly = 2are The equation does not have x as a variable. 
| pha For one value The y-value is always 2, regardless of the 
Olagiie areerce pall value of x. For instance, here are some points 


(x, 2) is a solution of ; : 
y=2. that are solutions of the equation: 


| = — _ (=; 2), (0, 2), G 2). 


r(—3, 277 340, 277 13, 2) | 


> The graph of the equation is a horizontal 
line 2 units above the x-axis. 


EXD Graphing x= a 


Graph the equation x = —3. 


SOLUTION 


The x-value is always —3, regardless of 
the value of y. For instance, here are some 
points that are solutions of the equation: 


(33-2, 3,.0),- 3.2): 


> The graph of the equation is a vertical 
line 3 units to the left of the y-axis. 


4.2 Graphing Linear Equations 


GUIDED PRACTICE 


COCO ORE E OHHH E EEE EEE EE EE EEE EE EEEE EEE EE EEE EEE EEE EE EEEEEEEEEEE EE EE EEE EEE EEEE EEE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SEES 


Vocabulary Check J 1. Complete the following sentence: An ordered pair that makes an equation in 
two variables true is called a(n) _? . 


Concept Check J 2. In Example 2, if you choose a value of x different from those in the table of 
values, will you find a solution that lies on the same line? Explain. 


3. Decide whether the following statement is true or false. The graph of the 
equation x = 3 is a horizontal line. Explain. 


Skill Check / Use a table of values to graph the equation. 
4. 6x — 3y = 12 5.x = 1.5 6. y= —2 
Tell whether the point is a solution of the equation 4x — y= 1. 
7:13) 8. (1, 3) 9. (1, 0) 10. (1, 4) 


11. % INTERNET ACCESS Using the graph or the model in Example 4, 
estimate the number of households that had Internet access in 1999. 


PRACTICE anp APPLICATIONS 


CPPCC EERE O EEE EEE EEE EEE EEE SEES EEE EEE EEE TEESE EE EEE ESEE EEE EEE EEE EEE EE EEE EEE EEEEEEEEEEEEEEEEESE EEE EEEEE EEE EEEEE EEE EEE 


VERIFYING SOLUTIONS Use the graph to decide whether the point lies on 
Esta Practice the graph of the line. Justify your answer algebraically. 
to help you master 12. 3x — 4y = 10 13. y= 5 14. x =0 
skills is on p. 800. 
a. (2, —1) a. (5, 0) a. (0, 14) 


b(— 1,2) b. (0, 5) b. (14, 0) 


CHECKING SOLUTIONS Decide whether the given ordered pair is a solution 
of the equation. 


15. 2y — 4x = 8, (—2, 8) 16. —5x — 8y = 15, (—3, 0) 


Es 17. y = —2, (-2, —2) 18. x = —4, (1, —4) 
HOMEWORK HELP 19. 6y — 3x = —9, (2, -1) 20. —2x — 9y = 7, (-1, —1) 


Example 1: Exs. 12-20 


Example 2: Exs. 21-55 FINDING SOLUTIONS Find three different ordered pairs that are solutions 
Example 3: Exs. 21-55 of the equation. 
Example 4: Exs. 67-70 
Example 5: Exs. 44-55, 21. y = 3x —5 22. y=7— 4x 23. y = —2x — 6 
60-65 = = __ 
Example 6: Exs. 44-55, 24.x= 2 25. x = 2 26. y 6 
obs 27. y = $(4 — 2x) 28. y = 3(6x — 1) 29. y = a(5e = 1) 


Chapter 4 Graphing Linear Equations and Functions 


FUNCTION FORM Rewrite the equation in function form. 


30. —3x+ y= 12 31. 2x + 3y =6 32. x + 4y = 48 
33. 5x + 5y = 19 34. 5x +2y=1 35. -x-—y=5 


GRAPHING EQUATIONS Use a table of values to graph the equation. 
36.y=-x+4 37.y=-2x+5 38.y=-(3-—x) 39.y=—2(x- 6) 


40.y=3x+2 41.y=4x-1 42.y=4e+2 43. y= 3x41 


3 
44.x=9 45.y=-1 46. y=0 47.y=-3x+1 
48. x =0 49.x-—2y=6 50. 4x + 4y =2 51.x + 2y = —8 


MATCHING EQUATIONS WITH GRAPHS Match the equation with its graph. 
A. x = —2 B. 2x -—y=3 

C. 6x + 3y = 0 D.-x + 2y=6 
CoP 2 aE 


55. y | 


56. CRITICAL THINKING Robin always finds at least three different ordered pairs 
when making a table to graph an equation. Why do you think she does this? 


ae | PLOTTING POINTS In Exercises 57—59, use the ordered pairs below. 
Look Back | ( 3, 9), ( 2; Ve ( 1.6, ape (0.4, =2.9), (3.1, 3.2), (S22, 7.4) 


For help with scatter 
plots, see p. 204. 


57. Use a graphing calculator or a computer to graph the ordered pairs. 


58. The line that fits most of the points is the graph of y = 2x — 3. One of the 
points does not appear to fall on the line with the others. Which point is it? 


59. Show algebraically that one point does not lie on this line. 


POINTS OF INTERSECTION In Exercises 60-65, graph the two lines in the 
same coordinate plane. Then find the coordinates of the point at which 
the lines cross. 


60.x = —5,y=2 61. y= 1l,x = —8 62. y= —6,x=1 
63.x=4,y = —4 64. y= —1,x=0 65.x = 3,y=0 


66. VISUAL THINKING Name a point that would be on the graphs of both 
x = —3 and y = 2. Sketch both graphs to verify your answer. 


4.2 Graphing Linear Equations 


% LANDSCAPING BUSINESS In Exercises 67—70, use the following 
information. 
One summer you charge $20 to mow a lawn Summer Earnings 
and $10 to trim bushes. You want to make 
$300 in one week. An algebraic model for 
your earnings is 20x + 10y = 300, where x 
is the number of lawns you mow and y is the 
number of bushes you trim. 


=s 
o 
= 
= 
‘i 
= 
n 
rf 
= 
7] 
3 
a 


67. Solve the equation for y. 


68. Use the equation in function form from 0 05 10 15 20x 
Exercise 67 to make a table of values for 
x=5,x = 10, andx = 15. 


69. Look at the graph at the right. Does the 
line shown appear to pass through the points 
from your table of values? 


Lawns mowed 


70. If you do not trim any bushes during the week, how many lawns 
will you have to mow to earn $300? 


‘4 TRAINING FOR ATRIATHLON In Exercises 71—73, Mary Gordon is 
training for a triathlon. Like most triathletes she regularly trains in two 
of the three events every day. On Saturdays she expects to burn about 
800 calories during her workout by running and swimming. 


Running: 7.1 calories per minute 
Swimming: 10.1 calories per minute 
Bicycling: 6.2 calories per minute 


71. Copy and complete the model below. Let x represent the number of 
minutes she spends running, and let y represent the number of minutes she 
spends swimming. 


ASC ons VERBAL lates aaa burned P+ a) Swimming = eral calories 
aes Soe MODEL eee running eee ra 
LaBets Calories burned while running = (calories/minute) 
Running time = (minutes) 


= 10.1 (calories/minute) 


= (minutes) 


Total calories burned = 800 (calories) 


Jolie TRIATHLON aaah “x +) ?/*y = 800 Write a linear model. 
=D 1998, over 1500 

people competed in Hawaii's 
Ironman Triathlon World 


Charapionship: 72. Make a table of values and graph the equation from Exercise 71. 


io APPLICATION LINK 73. If Mary Gordon spends 45 minutes running, about how many minutes will 
www.mcdougallittell.com she have to spend swimming to burn 800 calories? 
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CHOOSING A WVIODEL In Exercises 74 and 75, decide whether a graph of the 
data would be points that appear to lie on a horizontal line, a vertical line, 
or neither. Explain. Let the x-axis represent time. 


74. The number of books read by Avery each year from 1999 to 2005. 


75. The number of senators in the United States Congress each year 
from 1991 to 2000. 


EDpr® 
Test é=) 76. MIULTIPLE CHOICE Which point lies on the graph of 2x + Sy = 6? 
Preparation @® (-2,2) (3, 0) © (0,3) BD both A and B 
77. MULTIPLE CHOICE Which point does not lie on the graph of y = 3? 
1 
® (0.3) 33) ©6-3 Bsa) 
78. MULTIPLE CHOICE The ordered pair (—3, 5) is a solution of _2.. 
1 1 
@By=5  @x=5  @y=B- 2 Dy=-zr-2 


* Challenge MisinTERPRETING GRAPHS Even though they provide an accurate 
representation of data, some graphs are easy to misinterpret. In Exercises 
79 and 80, use the following. 
Based on actual and projected data from 1995 to 2000, a linear model for a 
company’s profit P is P = 3,005,000 — 900, where f represents the number 
of years since 1995. 


79. Sketch two graphs of the model. In the first graph, divide the vertical axis 
into $1,000,000 intervals. In the second graph start at $3,000,000 and use 
$1000 intervals. 


80. CRITICAL THINKING What are the advantages and disadvantages of each 
www.mcdougallittell.com graph? 


MIxeD REVIEW 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 2.2) 


$1.5 527 3) 82. —6 + (-14) + 8 83. —18 + (—10) + (-1) 
a! 1 eae s ods 
84.-3 +643 8.5 +5-1 86.-5 +542 


MATRICES Find the sum of the matrices. (Review 2.4) 


1 6 15 —3 2 5 —-14 —-5 
oh: |_| | ul 0 a Be E | - 12 ;| 

4 10 —20 40 5 =2 —1 —16 
| f D]+| 2% a 20.| > cae =) 
SOLVING EQUATIONS Solve the equation. (Review 3.2 for 4.3) 
91. —2z = —26 92. 9x = 3 93. 6p = —96 94. 24 = 8c 

—_— ae n_3 c_2 

95. 3f =-—10 96. 5 9 97. 55 98. 63 


4.2 Graphing Linear Equations 


Quick Graphs Using Intercepts 


GQ) Finovine te Intercepts oF A LINE 


What. you olin __EE Cree ee 


Find the intercepts In Lesson 4.2 you graphed a linear equation by writing a table of values, plotting 


of eee of a linear the points, and drawing a line through the points. 
equation. 


: In this lesson, you will learn a quicker way to graph a linear equation. To do this, 
Use intercepts ; 
you need to realize that only two points are needed to determine a line. Two points 


to make a quick graph of a : ; 
aaa that are usually convenient to use are points where a graph crosses the axes. 


linear equation as in 
Example 4. 


Why you should learn it 


Y To solve real-life problems, 
such as finding numbers of 

school play tickets to be sold 
to reach a fundraising goal in 


Ex. 63. Lie, 


The x-intercept is 
the value of x when 


The y-intercept is y=0. 


the value of ywhen Sal 


x=. 


An x-intercept is the x-coordinate of a point where a graph crosses the x-axis. A 
y-intercept is the y-coordinate of a point where a graph crosses the y-axis. 


GED (Finding intercepts 


Find the x-intercept and the y-intercept of the graph of the equation 2x + 3y = 6. 


: ; SOLUTION 
——— Zi <= To find the x-intercept of 2x + 3y = 6, let y = 0. 
“es: 2x + 3y =6 Write original equation. 
2x + 3(0) = 6 Substitute 0 for y. 
x=3 Solve for x. 


> The x-intercept is 3. The line crosses the x-axis at the point (3, 0). 


To find the y-intercept of 2x + 3y = 6, let x = 0. 
2x + 3y =6 Write original equation. 
2(0) + 3y = 6 Substitute 0 for x. 
y=2 Solve for y. 
} The y-intercept is 2. The line crosses the y-axis at the point (0, 2). 
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PGOAL 2) USING INTERCEPTS TO GRAPH EQUATIONS 


P EXAMPLE 2 Making a Quick Graph 


_ Graph the equation 3.5x + 7y = 14. 
ENE? 
é HOMEWORK HELP 


4 Visit our Website SOLUTION 


www.mcdougallittell.com Find the intercepts. 
for extra examples. 


3.5x + 7y = 14 Write original equation. 
3.5x + 7(0) = 14 Substitute 0 for y. 
x= +e =4 The x-intercept is 4. 
3.5x + 7y = 14 Write original equation. 
3.5(0) + Jy = 14 Substitute 0 for x. 
ai = 2 The y-intercept is 2. rs =f SST 
7 | 3.5x + 7y = 14 | 


Draw a coordinate plane that includes the points 
(4, 0) and (0, 2). 


Plot the points (4, 0) and (0, 2) and draw a line 
through them. 


GEV) Drawing Appropriate Scales 


Graph the equation y = 4x + 40. 


(0, 2) | 


SOLUTION 
Find the intercepts, by substituting 0 for y and then 0 for x. 
y = 4x + 40 y= 4x + 40 
0 = 4x + 40 y = 4(0) + 40 
—40 = 4x y = 40 
—-10=x The y-intercept is 40. 


The x-intercept is — 10. 


Draw a coordinate plane that includes the points 


ee (—10, 0) and (0, 40). With these values, it is 
Study Tip reasonable to use tick marks at 10-unit intervals. 


When you make a quick 


graph, find the intercepts You may want to draw axes with at least two tick 

before you draw the marks to the left of —10 and to the right of 0 on the 

coordinate plane. This x-axis and two tick marks below O and above 40 on 

will help you find an the y-axis. 

appropriate scale on 

each axis. Plot the points (— 10, 0) and (0, 40) and draw a line 
through them. 


4.3 Quick Graphs Using Intercepts 


GEE) Writing and Using a Linear Model 


ZOO FUNDRAISING You are organizing the annual spaghetti dinner to raise 
funds for a zoo. Your goal is to sell $1500 worth of tickets. Assuming 200 adults 
and 100 students will attend the dinner, how much should you charge for an adult 


ticket and for a student ticket? 


SOLUTION 
VERBAL Number | Adult Number | Student 
MODEL | * 9 _ | Total 
of |+ ticket + of + ticket = Salad 
adults | price students price 
LABELS Number of adults = 200 (people) 
Adult ticket price = x (dollars per person) 
Number of students = 100 (people) 
Student ticket price = y (dollars per person) 
Total sales = 1500 (dollars) 
ALGEBRAIC 200 x +100 y = 1500 Write linear model. 
MODEL 
2x +y=15 Divide by 100 to simplify model. 
Aporieeions This equation has many solutions. To get a better idea of the possible prices, 
make a quick graph. 
Find the intercepts. 
2x+y=15 2x+y=15 
2x+0= 15 2(0) + y= 15 


x = 7.5 <— x-intercept 


y = 15<—  -intercept 


Draw a coordinate plane that includes the points (7.5, 0) and (0, 15). 


Plot the points (7.5, 0) and (0, 15) and draw a line through them. From the graph, 
you can determine several possible prices to charge. 


Possible Prices to Raise $1500 


Adult Student 
$0.00 $15.00 


Je Z00 EXPENSES 
Ss The American Zoo 
and Aquarium Institute 
estimates that it costs a zoo 
about $22,000 per year to 
house, feed, and care fora 
lion and about $18,500 for a 
polar bear. 


BNE; 
APPLICATION LINK 
www.mcdougallittell.com 


> One reasonable price to charge is $6 for adults and $3 for students. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Decide whether 2 is the x-intercept or the y-intercept of the line y = 2x + 2. 
Explain your choice. 


Concept Check A 2. How many points are needed to determine a line? 


3. Describe a line that has no x-intercept. 


Skill Check J Find the x-intercept of the graph of the equation. 


4.y=2x +20 5. y = 01x + 03 6.y=x—4t 


In Exercises 7-12, find the x-intercept and the y-intercept of the graph of 
the equation. Graph the equation. 

J.y=x+2 8. y — 2x =3 9.2x-y=4 

10. 3y = —6x +3 11. Sy = 5x + 15 12.x-y=1 


13. § FUNDRAISING If your goal for the fundraising dinner in Example 4 is 
$2000, find reasonable prices for adult tickets and student tickets. 


PRACTICE anp APPLICATIONS 


COCR OO EEE E EEE EEE EEE HEE EEE E EEE EEE EEE EEE EE EEE EEE EOE EEE EEE EEE EEEEE EEE EEEE HEHE EEEEEEEE EEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEHEEE EEE OEE 


USING GRAPHSTO FIND INTERCEPTS Use the graph to find the x-intercept 
: and the y-intercept of the line. 
Extra Practice 


to help you master 15. 
skills is on p. 800. i 


FINDING X-INTERCEPTS Find the x-intercept of the graph of the equation. 


17.x+ 3y=5 18. x — 2y =6 19. 2x + 2y = —10 
20. 3x + 4y = 12 21. 5x — y =45 22. —x + 3y = 27 
23. —7x — 3y = 42 24. 2x + 6y = —24 25. —12x — 20y = 60 
FINDING Y-INTERCEPTS Find the y-intercept of the graph of the equation. 
26. y= —2x+5 27.y = 3x-4 28. y = 8x + 27 
29. y= 7x — 15 30. 4x — Sy = —35 31. 6x — 9y = 72 
32. 3x + 12y = —84 33. —x + 1.7y = 5.1 34. 2x — 6y = —18 

_ USING INTERCEPTS Graph the line that has the given intercepts. 

HOMEWORK HELP 

Example 1: Exs. 17-34 35. x-intercept: —2 36. x-intercept: 4 37. x-intercept: —7 

Example 2: Exs. 35-55 y-intercept: 5 y-intercept: 6 y-intercept: —3 

Example 3: Exs. 44—55 : . : 

Example 4: Exs. 60-63 38. x-intercept: —3 39. x-intercept: —12 40. x-intercept: —7 

y-intercept: —7 y-intercept: —8 y-intercept: 15 


4.3, Quick Graphs Using Intercepts 


MATCHING GRAPHS AND EQUATIONS Match the equation with its graph. 
A. 8x — 2y = 16 B. 8x — 2y = 8 C. 8x — 2y = —-8 
41. 


GRAPHING LINES Find the x-intercept and the y-intercept of the line. Graph 
the equation. Label the points where the line crosses the axes. 


44.y=x+2 45.y=x-3 46.y=4x+8 

47. y = —6+ 3x 48. y=5x+ 15 49. 2x + 4y = 16 
50. —4x + 3y = 24 51.x — 7y = 21 52. 6x — y = 36 
53. 2x + 9y = —36 54. 4x + Sy = 20 55. 0.5y = —2x + 8 


LOGICAL REASONING In Exercises 56-59, tell whether the statement is 
true or false. Justify your answer. 


56. The y-intercept of the graph of 3x + Sy = 30 is 10. 
57. The x-intercept of the graph of 3x + Sy = 30 is 10. 
58. The point (3, 5) is on the graph of 3x + S5y = 30. 


FOCUS ON 59. The graph of the equation x = 4 is a horizontal line. 
APPLICATIONS 


% SCHOOL PLAY In Exercises 60-63, use the following information. 
Your school drama club is putting on a play next month. By selling tickets 

for the play, the club hopes to raise $600 for the drama fund for new costumes, 
scripts, and scenery for future plays. Let x represent the number of adult tickets 
they sell at $8 each, and let y represent the number of student tickets they sell 
at $5 each. 


60. Graph the linear function 8x + 5y = 600. 
61. What is the x-intercept? What does it represent in this situation? 
62. What is the y-intercept? What does it represent in this situation? 


63. What are three possible numbers of adult and student tickets to sell 
that will make the drama club reach its goal? 


% MARATHON In Exercises 64-66, you are running in a marathon. You 
either run 8 miles per hour or walk 4 miles per hour. 


~_ 


i MARATHON 
ys In 1896 the Olympic 64. Write an equation to show the relationship between time run and time walked 
Games introduced the during the 26.2-mile course. 
“marathon” race to honor a 
Greek soldier. The legend 65. Graph the equation from Exercise 64. What are some possible running and 
says a soldier ran 26.2 miles walking times if you complete the 26.2-mile course? 
from Marathon to Athens in ; ; 
3 hours to announce the 66. If you walk for a total of 1 hour during the course, how long will you have 
victory over the Persians. spent running when you cross the finish line of the marathon? 
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% IVIOVIE PRICES In Exercises 67 and 68, a theater charges $4 per person 
before 6:00 P.M. and $7 per person after 6:00 P.M. The total ticket sales for 
Saturday were $11,228. 


67. Make a graph showing the possible number of people who attended the 
theater before and after 6:00 P.M. 


68. Suppose no one attended the theater before 6:00 P.M. How many people 
attended the theater after 6:00 P.M.? Explain how you know. 


EDr 
Test é2) 69. IVIULTI-STEP PROBLEM The number of people who worked for the railroads 
Preparation in the United States each year from 1989 to 1995 can be modeled by the 
equation y = —6.61x + 229, where x represents the number of years since 


1989 and y represents the number of railroad employees (in thousands). 
KGANE,, 
a DATA UPDATE of U.S. Bureau of the Census data at www.mcdougallittell.com 


a. Find the y-intercept of the line. Railroad Employees 
What does it represent? 


b. Find the x-intercept of the line. 
What does it represent? 


c. About how many people worked 
for the railroads in 1995? 


d. Writing Do you think the line in the 
graph will continue to be a good model 
for the next 50 years? Explain. 


= 
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Years since 1989 


~ 


* Challenge 


0. CRITICAL THINKING Consider the equation 6x + 8y = k. What numbers 
could replace k so that the x-intercept and the y-intercept are both integers? 
Explain. 


MIxeD REVIEW 


COOPER EEE EEE SHEER EEEEE EEE EEEE EE EEEEE EEE EEEE EEE EEEEE EE EEEE EEE EE EEE EEE ESSE EEE EEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEESESEES 


EVALUATING DIFFERENCES Find the difference. (Review 2.3 for 4.4) 


71.5-9 72.17 -6 73. -8 -—9 74. |8| — 12.6 
75. -$ = (4) wm8-69 are =i] 78. —4.1 — (—5.1) 
EVALUATING QUOTIENTS In Exercises 79-86, find the quotient. 
(Review 2.7 for 4.4) 
79. 54+9 80. —72 = 8 81. 12 = (-4) 82.3 ++ 
83.26 +(-13) 84.-1+8 85 20 + (-25) ae 

26 + ie = (-25 Eth 


87. % SCHOOL BAKE SALE You have one hour to make cookies for your 
school bake sale. You spend 20 minutes mixing the dough. It then takes 
12 minutes to bake each tray of cookies. If you bake one tray at a time, which 
model can you use to find how many trays you can bake? (Review 3.3 and 3.6) 


A. x(20 + 12) = 60 B. 12x + 20 = 60 


4.3 Quick Graphs Using Intercepts 


Quiz 1 Self-Test for Lessons 4.1-4.3 


Plot and label the ordered pairs in a coordinate plane. (Lesson 4.1) 
1. A(—4, 1), B(O, 2), C(—3, 0) 2, Alt, =5), B0;.-7), CU, 6) 
3. A(—4, —6), BU, —3), C1, 1) 4. A(2, —6), B(S, 0), CO, —4) 


Find three different ordered pairs that are solutions of the equation. Graph 
the equation. (Lesson 4.2) 


5. y= 2x — 6 6.y=4x—-1 7. y = 2(-3x + 1) 
8.x =3 9. y = —3(x — 4) 10. y= —5 


Find the x-intercept and the y-intercept of the line. Graph the line. Label the 
points where the line crosses the axes. (Lesson 4.3) 


1.y=4-x 12. y= —5 + 2x 13. y= 3x+4+ 12 
14. 3x + 3y = 27 15. -—6x+ y= —-3 16. y= 10x + 50 


/ nae » Graphing Mathematical Relationships 
History 2 


THEN 400 YEARS AGO, this chapter would not have been in your 
algebra book. In 1637 René Descartes published a method for 


drawing algebraic equations on a coordinate grid—introducing 
a new connection between algebra and geometry that linked 
the two branches more closely than ever before. 


«SNe, 
> 


APPLICATION LINK 
www.mcedougallittell.com 


Descartes was interested in studying curves that are more 
complicated than the lines you have seen in this chapter. 


Descartes was interested in equations like x? + y* = 3axy 
when a = 10, which is graphed at the right. Use algebra to 
show whether the point is on the graph of the equation. 


1. (15, 15) 2. (0, 0) 2.1, =) 4. (3, 0.3) 


TODAY, using a coordinate plane to graph an equation is one of the first things 

you learn in Algebra 1. Computers that can process large amounts of data have 
enabled mathematicians to study mathematical systems whose outputs are too 
complicated to graph by hand. = 


The first graphing 
calculator 
produced 


Computers used to graph sea 
mathematical equations 


: Fessssnnnonsees Publication of Descartes’s 
*-- René Descartes text: La Géométrie 
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© ACTIVITY 4.4 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
¢ several books 
¢ two metric rulers 


y? Distance 
~e-@ = Height of | between ruler 
_I books and books 


\\ 
= 


ee 


Group Activity for use with Lesson 4.4 


Investigating Slope 


> QUESTION How can you use 
numbers to describe the 
steepness of a ramp? 


The slope of a ramp describes its 
steepness. For the ramp at the right: 


ng Yim 2 
rn 5m _ 5 


slope = 


> EXPLORING THE CONCEPT 
oO Copy and complete the table at the left. 


Rise | Run | Slope P p 
@ Make a pile of three books. Measure the height 


J 7 om 12 cm tt 12 a of the pile of books. Use one ruler to create a 

= ,° a 55 om ramp. Measure the distance from the bottom of 

é —? the ruler to the books. Use this information to 

— @ add a row to your table. 
fe 

= f 9 © Without changing the rise, create at least 

a rs four ramps that have different runs. Record 

% R . information about these ramps in your table. 

a ;s 4) Place a piece of paper under the edge of your pile 

_ps of books and make a mark on it that is 15 cm 

~ 9 away from the books. Place the end of your ramp 
= on the mark. Add this ramp to your table. 


@ Change the rise by adding or removing books. 
Without changing the run, create at least four ramps 
that have different rises. Add them to your table. 


> DRAWING CONCLUSIONS 


In Exercises 1 and 2, give examples to support your answer. 


1. If the run of a ramp increases and the rise stays the same, how does the slope 
of the ramp change? 


2. If the rise of a ramp increases and the run stays the same, how does the slope 
of the ramp change? 


In Exercises 3-5, you will summarize what you have learned about slope. 
3. If aramp has a slope of 1, what is the relationship between its rise and run? 


4. If aramp has a slope greater than 1, is it steeper than a ramp with a slope 
of 1? Describe the relationship between its rise and run. 


5. If aramp has a slope less than 1, is it steeper than a ramp with a slope of 1? 
Describe the relationship between its rise and run. 


4.4 Concept Activity 


The Slope of a Line 


GV Finoine tue Store oF A LINE 


What. you I... sscssneusesnsosenencceovensnsnsnsnoenvenssesenssensosessessensoonesseenesesevonsssasosseessvenenees 


Find the slope of a The slope m of a nonvertical line is 
line using two of its points. the number of units the line rises or 
Interpret slope as falls for each unit of horizontal 
a rate of change in real-life change from left to right. 
situations like the parachute 


problem in Example 6. The slanted line at the right rises 


3 units for each 2 units of horizontal 
Why you should learn it change from left to right. So, the 


oda 
V Tosolve real-life problems Slope m of the line is 5. 
about the steepness of a hill 


or the grade of a road slope = rise 7-4 3 
in Ex. 51 Dike run 5-3 2 
“a Two points on a line are all that is needed to find its slope. 


FINDING THE SLOPE OF A LINE 


The slope m of the nonvertical line 
passing through the points (x,, y;) 


and (xX, y2) is (Xp, Yo) 


_tise _ changeiny _ Y2— 


run changeinx Xp — x," 


Read x, as “x sub one.” Think 
“x-coordinate of the first point.” 


Read y, as “y sub two.” Think 
“y-coordinate of the second point.” 


When you use the formula for slope, the order of the subtraction is important. 
Given two points on a line, you can label either point as (x,, y,) and the other 
point as (x5, y>). After doing this, however, you must form the numerator and 
the denominator using the same order of subtraction. 


Y2Y 
Correct: = << Subtraction order is the same. 


Incorrect: pes <—————_ Subtraction order is different. 
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GEVTED A Line with a Positive Slope Rises 


Find the slope of the line passing through (—2, 2) and (3, 4). 


SOLUTION 
_ Let (x, yy) = (—2, 2) and (x2, ya) = (3, 4). 
Look Back = : . 
For help with eval- n= Jy2 7 Yi <— Rise: Difference of y-values 
uating expressions, Xy—X, <— Run: Difference of x-values 
see p. 79. 4-2 
= 3-2) Substitute values. 
2 ey 
= 349 Simplify. 
2 Positive slope: line rises 
= 5 Slope is positive. from left to right. 
T EXAMPLE 2 } A Line with a Zero Slope is Horizontal 
Find the slope of the line passing through (—1, 2) and (3, 2). 
SOLUTION 
Let (Mas yy) = (—1, 2) and (x, y>) = (3, 2). 
_ 327 Yi <— Rise: Difference of y-values 
X2. —X, <— Run: Difference of x-values 
_ 2-2 ; 
—3=.Cn Substitute values. 
a ¢ Simplify. 
Zero slope: line is 
=0 Slope is zero. horizontal. 
GETTER) A Line with a Negative Slope Falls 
Find the slope of the line passing through (0, 0) and (3, —3). 
SOLUTION 
Let (x4, yy) = (0, 0) and (x2, y2) = 3, =3) 
_ 327 Y1 <— Rise: Difference of y-values 
X_y—X, <— Run: Difference of x-values 
= = 0 : 
[_ aaa = 3-0 Substitute values. 
Skills Review = 
For help with = 3" Simplify. 
simplifying fractions, Negative slope: line falls 
see p. 780. == Slope is negative. from left to right. 


4.4 The Slope of a Line 


CONCEPT 
SUMMARY 


A line with positive 
slope rises from left 
to right. 


N, 
is gee HOMEWORK HELP 


c Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


P EXAMPLE 4 ) Slope of a Vertical Line is Undefined 


Find the slope of the line passing through (2, 4) and (2, 1). 


SOLUTION Let (x,, y;) = (2, 1) and (x5, yz) = (2, 4). 


_ Y27~ Yi <— Rise: Difference of y-values 


X_y—X, <— Run: Difference of x-values 


_4-1 : 
=3-3 Substitute values. 
-% Division by 0 is undefined. 


> Because division by 0 is undefined, the 


5. 3 : Undefined slope: line 
expression 5 has no meaning. The slope ‘< vertical. 


of a vertical line is undefined. 


CLASSIFICATION OF LINES BY SLOPE 


A line with negative A line with zero A line with 
slope falls from left slope is horizontal. undefined slope 
to right. is vertical. 


y 


mis undefined. 


Gap Given the Slope, Find a y-Coordinate 


Find the value of y so that the line passing through the points (—2, 1) and 


(4, y) has a slope of 2, 


SOLUTION Let (x), y;) = (—2, 1) and (x, yz) = (4, y). 


m= ze 2h Write formula for slope. 
a a 
2. 2-3 Substitute values for m, 
3° 4-(-2) Xs Vir Xp, and Yo. 
yy Saat! a 
7 4 Simplify. 
=I 
6° 2 =6° 2 6 Multiply each side by 6. 
4=y-1 Simplify. 
5S=y Add 1 to each side. 
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PGOAL 2) INTERPRETING SLOPE AS A RATE OF CHANGE 


A rate of change compares two different quantities that are changing. For 
example, the rate at which distance is changing with time is called velocity. Slope 
provides an important way of visualizing a rate of change. 


T EXAMPLE 6 ] Slope as a Rate of Change 


You are parachuting. At h 
time t = O seconds, you 

open your parachute at 2700 
height h = 2500 feet 
above the ground. At time 
t = 35 seconds, you are at 
height h = 2115 feet. 


sight (feet) 


a. What is your rate of 
change in height? 


b. About when will you 
reach the ground? 


SOLUTION 


a. Use the formula for slope to find the rate of change. The change in time 
is 35 — 0 = 35 seconds. Subtract in the same order. The change in height 
is 2115 — 2500 = —385 feet. 


VERBAL Rate of _ | Change in height 


maoet change | Change in time | 
ae Rate of change = m (ft/sec) 
Change in height = —385 (ft) 
| Change in time = 35 (sec) 
ALGEBRAIC _ —385 
MODEL 35 


> Your rate of change is —11 ft/sec. The negative value indicates that you 
are falling. 


b. Falling at a rate of 11 ft/sec, find the time it will take you to fall 2500 feet. 


Distance _ 2500 ft 


Rate Tl fees 2! O° 


Time = 
> You will reach the ground about 227 seconds after opening your parachute. 


UNIT ANALYSIS Check that seconds are the units of the solution. 


7 = ff - = = sec 


ft/sec He 


4.4 The Slope of a Line 


GUIDED PRACTICE 


PPPS SSE EOE OEE ESEEHE TEE E OEE EEE EEES ETE E ESOS EE SOESETOE ESOT EE EEE TEE ESOT EE ESEHHETEEESOHE EE OSEESETELESELEEEESEEEELEE SEEN 


Vocabulary Check J 1. Draw a ramp and label its rise and run. Explain what is meant by the slope of 
the ramp. 


Concept Check J 2. ERROR ANALYSIS Describe the error 
at the right. Then calculate the correct slope. 


slope of the line through 
(Ge 


3. Explain what happens when the formula 
for slope is applied to a vertical line. 


4. CRITICAL THINKING How can you tell that 
the slope of the line through (2, 2) and 


Ex. 2 
(—3, 5) is negative without calculating? 


Skill Check / In Exercises 5-10, plot the points and draw a line through them. Find the 
slope of the line passing through the points. 


5. (0, 0), (1, 2) 6. (0, 0), (—1, —1) 7. (1, 2), (2, 1) 
8. (3, 2), (1, 4) 9. (2, 2), 3, 5) 10. (—3, —2), (1, 6) 


11. Find the value of y so that the line passing through the points (0, 3) and (4, y) 
has a slope of —3. 


PRACTICE ano APPLICATIONS 


CORO EEO E EEE EEE EEE EE EEE EEE ESTEE EEE EE EEE EEE EEEEEEE TEESE EEE EEE EEE EEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEE 


DESCRIBING SLOPE Plot the points and draw a line through them. Without 
Extra Practice calculating, state whether the slope of the line is positive, negative, zero, 
to help you master or undefined. Explain your reasoning. 
skills ison p. 800. 12. (6,9), (4,3) 13. (7,4),(-1,8) 14. (5, 10), (5, —4) 15. (1, 1), (4, —3) 
16. (—2, 5), (3,5) 17. (0,0), (—5,3) 18. (1,3),(—2,1) 19. (2, —2), (2, —6) 
GRAPH AND CALCULATE Plot the points and find the slope of the line 
passing through the points. 


20. (4, 5), (2,3) 21. (1,5), (5,2) 22. (2, 3), (3, 0) 

23. (0, —6), (8, 0) 24. (0, 6), (8, 0) 25. (2, 4), (4, —4) 

26. (6, -1), (6, 4) 27. (0, 10), (—4, 0) 28. (1, 2), (—2, 2) 
29. (3, 6), (3, 0) 30. (—6, 2), (4, —2) EL). Ge 6) 
32. (0, 5) (0, 0) 33. (2, 2), (-3, 5) 34. (4, 1), (6, 1) 


_ ae GRAPHICAL REASONING Find the slope of each line. 
HOMEWORK HELP 35. | | 7) i io ee 

Example 1: Exs. 12-37 a , | a | 
Example 2: Exs. 12-37 
Example 3: Exs. 12-37 
Example 4: Exs. 12-37 


Example 5: Exs. 38-46 
Example 6: Exs. 56, 57 
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FOCUS ON 
CAREERS 


| Jes SURVEYORS 
Ss Surveying land is the 
responsibility of surveyors, 
survey technicians, and 
mapping scientists. They 
measure distances, angles 
between points, and 
elevations as in Ex. 51. 


ANE 
4? CAREER LINK 
www.mcdougallittell.com 


FINDING A COORDINATE Find the value of y so that the line passing 
through the two points has the given slope. 


38. (2, y), (4, 5), m= 2 39. (0, —2), (2, y), m = 3 40. (<5, 2) (3, y)s Io = 
41. (0, y),(2,5),m=2 42.(-1,5),@3,y),m=5 43. (-1,3),6,y),m=—1 
44.(5,7),(8,y),m=F 45. (3,y), (1,4),m=—4 46. 2, -15), (5, y),m = 


INDUCTIVE REASONING Choose three different pairs of points on the line. 
Find the slope of the line using each pair. What do you notice? 


49. CONNECTION Use the concept of slope to decide whether the 
points (—2, 4), (2, —2), and (6, 0) are on the same line. Explain your 
reasoning and include a diagram. 


50. FINDING SLOPE To find the slope of a line, can you choose any two points 
on the line? Explain your reasoning. What are some guidelines that you could 
use to choose convenient points for calculating slope? 


51. % ROAD GRADES The U.S. Department of Transportation requires 
surveyors to place signs on steep sections of roads. The grade of a road is 
measured as a percent. For instance, the grade of the road shown below is 6%. 
What is the slope of the road? Explain the relationship between road grade 
and slope. 


Se 


| 50 ft _———_—— 


WHAT ARE THE UNITS? In Exercises 52-54, find the rate of change between 
the two points. Give the units of measure for the rate. 


52. (2, 2) and (9, 23); x in minutes, y in inches 
53. (3, 5) and (11, 69); x in years, y in dollars. 
54. (53, 44) and (32, 14); x in seconds, y in liters. 


55. CABLE CARS In the 1870s a cable car 
system was built in San Francisco to 
climb the steep streets. San Francisco 
was the site of the first cable car used 
for public transportation in America. 
Calculate each labeled slope from left to 
right in the diagram. (cross section of side view) 


4.4 The Slope of a Line 


FOCUS ON 
APPLICATIONS 


a 


Je MOVIE PRICES 
Ss In 1954 when the 
Japanese movie Gojira was 
filmed, the average cost of a 
ticket in the United States 
was 49¢. In 1998 when the 
remake Godzilla was filmed, 
the average cost was $4.69, 
although some theaters 
charged more than $8.00. 


NE, 
Le 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with problem 
solving in Exs. 62—64. 


56. % SPACE SHUTTLE A space shuttle achieves orbit at 9:23 A.M. At 
9:31 A.M. it has traveled 2,309.6 miles in orbit. Find the rate of change in 
miles per minute. 


57. % PROFIT In 1990, a company had a profit of $173,000,000. In 1996, the 
profit was $206,000,000. If the profit increased the same amount each year, 
find the rate of change of the company’s profit in dollars per year. 


® Movie PRICES In Exercises 
58-61, the graph shows the 
price of a movie ticket at the 
Midtown Theater for the years 
1960-1995. 


58. Estimate the rate of change a 
from 1960 to 1995 in the price s 
in dollars per year. re 
59. Estimate the rate of change & 
from 1985 to 1990 in the price s 
in dollars per year. 2 
60. Which five-year period had : 1960 1970 1980 1990 


the smallest price increase? Year 


61. Writing Use the graph to 


estimate the cost of going to a movie at the Midtown Theater this year. Why 
might your estimate be different from the actual cost? 


® POPULATION RATES In Exercises 62-65, use the line graph below. 


62. During which decade 
did the population of the Populations of Regions 
South increase the most? of the United States 
Estimate the rate of 
change for this decade in 
people per year. 


63. During which decade 
did the population of the 
Midwest increase the 
most? Estimate the rate of 
change for this decade in 
people per year. 


Population (millions) 


1960 1970 1980 1990 2000 


64. INTERPRETING A GRAPH 
The line graph for the 
Northeast appears to be 
horizontal between 1970 and —_s** DATA UPDATE of U.S. Bureau of the Census data at 
1980. Write a sentence about www.medougallittell.com 
what this means in terms of the real-life situation. 


Year (proj.) 
| Key: eWest e°Midwest e¢South e¢Northeast 


65. RESEARCH Find the population of your state in 1980 and in 1990. Find the 
annual rate of change of this population. 
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66. VIATHEMATICAL REASONING When you use the formula eth to 

27 *1 
find the slope of a line passing through two points, does it matter which 
point you choose to use as (x), y,)? Give three different examples to support 


your answer. 


Ex_Dr 
Test éS> 67. MULTIPLE CHOICE The slope of the line passing through the points (0, 5) 
Preparation and (0, —3) is 2. 
@) positive negative © zero @®> undefined 


68. MULTIPLE CHOICE The slope of the line passing through the points (8, 0) 
and (0, 8) is _?.. 
@) positive negative © zero @®> undefined 
69. MULTIPLE CHOICE What is the slope of the line passing through the points 
(—3, 4) and (5, —11)? 
=7 =7 15 15 
Cs > © = Oz 


* Challenge 70. FINDING AN X-COORDINATE Write an expression for the slope of a line 
passing through the points (0, 3) and (x, —9). What value of x will make the 
fraction equivalent to —2? 


71. Use your answers to Exercise 70 to find the value of x so that the line passing 
www.mcdougallittell.com through the points (0, 3) and (x, —9) will have a slope of —3. 


MIxeD REVIEW 


OOOH E SEES EEE EE EEE HEHE EEE EEE EE EEEEEE EEE EEEO EE EEE EEE EE EEE EEE EEEEEEEEEEEE EEE EEEEEEEEEEEEE EEE EEE EEE EEEEEEEEEESEEE EEE EE EEES 


EVALUATING EXPRESSIONS Evaluate the expression for the given value of 
the variable. (Review 1.3) 


72. 12x + 3 when x = 5 73. 3p when p = 16 74. 8n when n = = 
75. 4y — 3 when y = 4 76. 5x + x when x = 7 77. 2¢ + 2 when z = 5 


SIMPLIFYING EXPRESSIONS Simplify the variable expression. (Review 2.5) 


78. (—6)(y) 79. (—1)()(—x) 80. —(—3)°(-y) 

81. (2)()-0) 82. (y)(—23)(-9") 83. (F) (A(x) 
WRITING IN FUNCTION FORM Solve for y. (Review 3.7 for 4.5) 

84. 9x — 2y = 14 85. 5x + 9y = 18 86. —2x — 2y =7 
87. —x + 4y = 36 88. 6x — 3y = 21 89. 3x + Sy = 17 


FINDING INTERCEPTS Find the x-intercept and the y-intercept of the graph 
of the equation. (Review 4.3) 


90.y=x+8 91. y= 2x+4+ 12 92.y=3x+9 
93. y= —6+ 2x 94. y= —2x+ 16 95. 3y = 6x + 3 


4.4 The Slope of a Line 


Direct Variation 


PGOAL 1) RECOGNIZING AND USING DIRECT VARIATION 


W hat you should learn ARERR REE e REE R EERE REESE EEE REESE EEE EEEEE ESHEETS EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


Write linear Two variables x and y vary directly if there is a nonzero number k such that the 
equations that represent following is true. 
direct variation. 


: : y = kx <—— Model for direct variation 
Use a ratio to write 
an equation for direct varia- The number k is the constant of variation. Two quantities that vary directly are 
tion, such as the ratio of tail said to have direct variation. 


length to body length in 
alligators in Example 4. 


Why cushould learn tt EXAMPLE 1 } Graphs of Direct Variation Models 


V To solve real-life problems 
such as lengths of several 
stringed instruments in ay= 2s b. y= 5x 


Exs. 36 and 37. 
Bi 


Find the constant of variation and the slope of each direct variation model. 


SOLUTION 
a. For the equation y = 2x, the b. For the equation y = —5x, the 
constant of variation is k = 2. Sash A ae. Cull 
constant of variation is k = 3: 


To find the slope of the line, use 
the slope formula. To find the slope of the line, use 


the slope formula. 


_ 327 91 
y= Xj pre aie) 
A 
0 2 2 1 
coos oT ae —-1-0._ 1 
in os 
2-0 2 


¢ The graph of y = kx isa line 
through the origin. 


¢ The slope of the graph of 
y = kxis k. 
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FOCUS ON 
APPLICATIONS 


Titanic x: , 


ay ZEPPELIN SIZE 


The enormous Graf 
Zeppelin I! was 804 ft long. 
The Titanic was similar in 
length (882.5 ft) but traveled 


aty of the speed. 


ANE, 
in APPLICATION LINK 
www.mcdougallittell.com 


Gant Writing a Direct Variation Equation 


The variables x and y vary directly. When x = 5, y = 20. 


a. Write an equation that relates x and y. 


b. Find the value of y when x = 10. 


SOLUTION 


a. Because x and y vary directly, the equation is of the form y = kx. You can 
solve for k as follows. 


y=kx Write model for direct variation. 
20 = k(5) Substitute 5 for x and 20 for y. 
4=k Divide each side by 5. 


> An equation that relates x and y is y = 4x. 


b. y =4(10) _— Substitute 10 for xin y = 4x. 
y = 40 
> When x = 10, y = 40. 


T EXAMPLE 3 } Writing a Direct Variation Model 


ZEPPELIN In 1852 Henri Giffard built the first airship successfully used 

for transportation. It had a volume of 88,000 cubic feet and could support 
5650 pounds. The Graf Zeppelin I, built in 1937, had a volume of 
7,063,000 cubic feet, making it one of the two largest airships ever built. 

The weight an airship can support varies directly with its volume. How much 
weight could the Graf Zeppelin IT support? 


SOLUTION 


Use the data about the first airship. Find a model that relates the volume V 
(in cubic feet) to the weight w (in pounds) that an airship can support. 


w=kv Write model for direct variation. 


5650 = k(88,000) Substitute 5650 for w and 88,000 for V. 


S000 =k Divide each side by 88,000. 
0.064 ~ k Solve for k. 


A direct variation model for the weight an airship can support is w = 0.064V. 


Use the model to find the weight the Graf Zeppelin IT could support. 


w = 0.064V Write the model for direct variation. 
w = 0.064(7,063,000) Substitute 7,063,000 for V. 
w = 452,032 Simplify. 


> The Graf Zeppelin II could support about 452,000 pounds. 


4.5 Direct Variation 


PGOAL 2) USING A RATIO TO MODEL DIRECT VARIATION 


The model y = kx for direct variation can be rewritten as follows. 


k= 2 <«— Ratio form of direct variation model 


The ratio form tells you that if x and y have direct variation, then the ratio 

of y to x is the same for all values of x and y. Sometimes real-life data can be 
approximated by a direct variation model, even though the data may not fit the 
model exactly. 


EXAMPLE 4 ) Using a Ratio Based on Data to Write a Model 


ANIMAL STUDIES The tail and body lengths (in feet) of 8 alligators are shown 
below. The ages range from 2 years to over 50 years. > Source: St. Augustine Alligator Farm 


a. Write a model that relates the tail length T to the body length B. 
b. Estimate the body length of an alligator whose tail length is 4.5 feet. 


SOLUTION 


a. Begin by finding the ratio of tail length to body length for each alligator. 
CAREERS 


Talls7 


Tn} 1.50 | 2.41 | 3.08 | 3.23 | 4.28 | 5.04 | 5.02 | 6.38 
Ratio 0.94 | 0.85 | 0.90 | 0.86 | 0.93 | 0.93 | 0.93 | 0.89 


The ratio is about 0.9 for each alligator, so use a direct variation model. 


k= Write ratio model for direct variation. 


B 
_T : 
0.9 = 7 Substitute 0.9 for k. 
T 


0.9B = Multiply each side by B. 


ay ZOOLOGISTS b. Use the model 0.9B = T to estimate the body length of the alligator. 


are biologists who 
study animals in natural or 0.9B = 4.5 Substitute 4.5 for T. 


controlled surroundings. 


ean, B=5 Divide each side by 0.9. 
Sos) CAREER LINK 
www.mcdougallittell.com > You estimate that the alligator’s body is about 5 feet long. 


Chapter 4 Graphing Linear Equations and Functions 


GUIDED PRACTICE 


Vocabulary Check / 1. Explain what it means for x and y to vary directly. 


Concept Check J 2. In a direct variation equation, how are the constant of variation and the 
slope related? 


Skill Check / Graph the equation. State whether the two quantities have direct 
variation. If they have direct variation, find the constant of variation 
and the slope of the direct variation model. 


3.y=x 4.y= 4x B.y = 3x 
6. y = 2x 7.y=x-4 8. y — 0.1x = 0 


® SALARY In Exercises 9-11, you par 
work a different number of hours Total pay? 
each day. The table shows your Ltewswoebe | 3} 71 et 5 | 


total pay p and the number of 
hours h you worked. 


9. Copy and complete the table by finding the ratio of your total pay each day to 
the number of hours you worked that day. 


10. Write a model that relates the variables p and h. 


11. If you work 6 hours on the fifth day, what will your total pay be? 


PRACTICE anp APPLICATIONS 


(a DIRECT VARIATION MIODEL Find the constant of variation and the slope. 
Extra Practice oe 


12. y= 14. y=0.7 
to help you master ‘ms y = 0.75x 
skills is on p. 800. im — 


CONSTANT OF VARIATION Graph the equation. Find the constant of 
variation and the slope of the direct variation model. 


15. y = —3x 16. y = —5x 17. y = 0.4x 
= =) =! 
18. y= —-x 19. y= qx 20. y 5X 
RECOGNIZING DIRECT VARIATION In Exercises 21 and 22, state whether the 
two quantities have direct variation. 
HOMEWORK HELP 
Example 1: Exs. 12-20 21. “ BICYCLING You ride your bike at an average speed of 14 miles per hour. 
Example 2: Exs. 23-31 The number of miles m you ride during h hours is modeled by m = 14h. 
Example 3: Exs. 21-22, 32 
Example 4: Exs. 36-37 22. CONNECTION The circumference C of a circle and its diameter d 


are related by the equation C = zd. 


4.5 Direct Variation 


FOCUS ON FINDING EQUATIONS In Exercises 23-31, the variables x and y vary directly. 


acre Use the given values to write an equation that relates x and y. 
23.x=4,y = 12 24.x=7,y = 35 25.x = 18,y=4 
26. x= 22,y=11 7.%=55,9 = 11 8.x = 165,9=33 
ee ee | 30. x= 75,9 = -9 31.*x=-9,y=3 


32. EGE CONNECTION The volume V of blood pumped from your heart each 
minute varies directly with your pulse rate p. Each time your heart beats, it 


VALENTINA Vv. 7 pumps approximately 0.06 liter of blood. 


In 1963 iia innntd ‘sii a. Find an equation that relates V and p. 
Valentina Tereshkova was b. COLLECTING DATA Take your pulse and find out how much blood your 


the first woman to travel heart pumps per minute. 
in space. 
33. a. ASTRONAUTS Weight varies directly with gravity. With his equipment 
Buzz Aldrin weighed 360 pounds on Earth but only 60 pounds on the moon. 
If Valentina V. Tereshkova had landed on the moon with her equipment and 
weighed 54 pounds, how much would she have weighed on Earth with 


equipment? 


SWIMMING POOLS In Exercises 34 and 35, use the following 
== information about several sizes of pools. The amount of chlorine 


needed in a pool varies with the amount of water in the pool. 


Amount of water (gallons) 6250 5000 12,500 15,000 


PAs | 075 | 000 | tad | 100 
$723 HOMEWORK HELP 


Visit our Web site 34. Use a graphing calculator or a computer to make a scatter plot of the data. 


www.mcdougallittell.com Sketch the graph. 
for help with scatter plots 
in Exs. 34-35. 35. Does the scatter plot you made in Exercise 34 show direct variation? 


8% VIOLIN FAMILY In Exercises 36 and 37, use the following information. 
The violin family includes the bass, the cello, the 

viola, and the violin. The size of each instrument 

determines its tone. The shortest produces the 

highest tone, while the longest produces the 


deepest (lowest) tone. ‘Tetal omguant 


Violin family Bass Cello Viola Violin 


Body length, b 


erat vinies [4 [50] 16 [ 


36. Write a direct variation model that you can use to relate the body length of a 
member of the violin family to its total length. 


37. Another instrument in the violin family has a body length of 28 inches. Use 
your model from Exercise 36 to estimate the total length of the instrument. Is 
its tone higher or lower than a viola’s tone? 
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Obs 
Test é=) 38. MULTIPLE CHOICE The variables x and y vary directly. When x = 4, 


Prep aration y = 24. Which equation correctly relates x and y? 
Bxa=4y WDy=t © x = by D y = 6x 
39. IULTIPLE CHOICE Which equation models the ratio form of direct 
variation? 
—4_y = 4 _ __4 
Dz = e Ss -lOyZr1ty DMy=—7zxrt6 
40. MULTIPLE CHOICE Find the constant of variation of the direct variation 
model 3x = y. 
1 
ZB 3 3 © y DO x 


41. MULTIPLE CHOICE You buy some oranges for $.80 per pound. Which direct 
variation model relates the total cost x to the number of pounds of oranges y? 
BDy=8eK BHr= 0.8y © y= 0.8x @D x= By 


* Challenge 42. CONNECTION Write an equation for the perimeter 
of the regular hexagon at the right. Does your equation 
model direct variation? 


43. LOGICAL REASONING If a varies directly with b, then 
www.mcdougallittell.com does b vary directly with a? Explain your reasoning. 


Mixep REVIEW 


COCO REET EEE EEE E EEE EEE EEE EEE EEE EE EE ESSE TEESE EEE EE EEEEE EEE EEE EE EE EEEE EEE EEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESOEE 


SOLVING EQUATIONS Solve the equation. (Review 3.4) 
44.7z+ 30=-5 45. 4b = 26 — 9b 46. 2(w — 2) =2 
47. 9x + 65 = —4x 48. 55 — 5y = 9y + 27 49. 7c — 3 = 4(c — 3) 


FUNCTIONS In Exercises 50 and 51, rewrite the equation so that x is a 
function of y. (Review 3.7) 


50. 15 = 7(x — y) + 3x 51. 3x + 12 = 5(@@ + y) 


52. % HOURLY WAGE You get paid $152.25 for working 21 hours. Find your 
hourly rate of pay. (Review 3.8) 


53. ORDERED PAIRS Plot and label the points R(2, 4), S(O, —1), T(3, 6), and 
U(—1, —2) in a coordinate plane. (Review 4.1) 


CHECKING SOLUTIONS Decide whether the given point lies on the line. 
Justify your answer both algebraically and graphically. (Review 4.2) 


54. x — y = 10; (5, —5) 55. 3x — 6y = —2; (—4, —2) 
56. 5x + 6y = —1; (1, —-1) 57. —4x — 3y = —8; (—4, 2) 


FINDING INTERCEPTS Find the x-intercept and the y-intercept of the graph 
of the equation. (Review 4.3 for 4.6) 


58. 2x + y=6 59. x — L.ly = 10 60. x — 6y = 4 
61. x + 5y = 10 62. y=x-—5 63. y= 4x-4 


4.5 Direct Variation 


© ACTIVITY 4.6 Group Activity for use with Lesson 4.6 
Graphing Families of Linear Equations 


Developing Concepts 


> QUESTION What are some relationships that exist between members 


of a family of equations? 
GROUP ACTIVITY 


Work i Il group. 
ork in a small group > EXPLORING THE CONCEPT 
MATERIALS 


* desk You can use a linear equation y = mx + b to model the height from the floor 
* textbooks to the top of a stack of books that are m centimeters thick sitting on a desk 
* graph paper b centimeters high. 


¢ meter stick or metric ruler 


1) Measure the thickness of your algebra 
textbook. Measure the height of the top 
of your desk to the floor. 


(2) Write a model for the height y from the 
floor to the top of a stack of x algebra 
books the same size as yours sitting on 
your desk. 


(3) Graph and label your model from 
Step 2. 


(4) Measure the thickness of your English 
textbook. Write a model for the height y 
from the floor to the top of a stack of x 
English books the same size as yours 
sitting on your desk. Graph this model in 
the coordinate plane you drew in Step 3. 


(5) Repeat Step 4 using another book. 


> DRAWING CONCLUSIONS 


1. Equations that have characteristics in common can be thought of as a family of 
equations. List all of the characteristics that the equations have in common. List 
all of the characteristics that their graphs have in common. 


2. Suppose in Step 2 you used the same book but on a desk or a table of a different 
height. Write models for the height of a stack of algebra books on a desk 74 cm 
tall and on a computer table 68 cm tall. Graph these models in the same 
coordinate plane. What characteristics do the equations share? What 
characteristics do their graphs share? 


3. What characteristics are shared by the family of equations in which m = 4? 


4. What is true about the family of linear equations with graphs passing through 
the point (0, 5)? 
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Quick Graphs Using 
Slope-Intercept Form 


@QV®D Graruine Usine SLope-INTERCEPT FORM 


_ What you Gioia, __EEO CCL ee eee 


'GOAL 19 Graph a linear In Lesson 4.4 you learned to find the slope of a line given two points on the line. 
equation in slope-intercept There is also a method for finding the slope given an equation of a line. 


form. 
Graph and © ACTIVITY 
interpret equations in a Developing 
slope-intercept form that Concepts 
model real-life situations, 
such as the snowstorm in Copy and complete the table. Then write a generalization about the meaning 
Exs. 56-59. of m and b in VW = ies ar (D. 


Why you should learn it 


VY To model real-life situa- 
tions, such as a flooding river 


in Example 4. 
Ses 


(0, 2), @, 0) 
(0, 2), (2, 0) 
(0, 2), (2, 0) 
(0, 2), (2, 0) 


In this activity, you may have discovered the following idea, which applies only 
when an equation is in slope-intercept form. 


SLOPE-INTERCEPT FORM OF THE EQUATION OF A LINE 


The linear equation 

Y= bis written in y=2x+3 
slope-intercept form. 

The slope of the line is m. 
The y-intercept is b. y-intercept is 3. 


Mississippi and Ohio Rivers 
flooding 


Slope is 2. 


P EXAMPLE 1 |) Writing Equations in Slope-Intercept Form 


EQUATION SLOPE-INTERCEPT FORM SLOPE y-INTERCEPT 
a. y=-x+2 y=(-1)x+2 m=-l1 b=2 
_ x43 sal gS aff m:) 
b. y= 5) y= 5x + 5 m= b 5) 
c y=-4 y=0x-4 m=0 =-4 
d. 2x — 4y = 16 y= 0.5x — 4 m = 0.5 =—4 


4.6 Quick Graphs Using Slope-Intercept Form 


Gai Graphing Using Slope and y-Intercept 


Graph the equation 3x + y = 2. 


SOLUTION 

Write the equation in slope-intercept form. 
y= —-3x+2 

Find the slope and the y-intercept. 
m= —3 b=2 

Plot the point (0, b). 


Draw a slope triangle to locate a 
second point on the line. 


_ =3i-_. rise 


m 
1 run 


Draw a line through the two points. 


Two different lines in the same plane are 
parallel if they do not intersect. 


| | Parallel 
In a coordinate plane, any two im] ae 
vertical lines are parallel. Any ; > 

two nonvertical lines are Parallel lines al it 

parallel if and only if they ust | 


m=—1 
have the same slope. 


Y EXAMPLE 3 | Identifying a Family of Parallel Lines 


Which of the following lines are parallel? 
line a7 —x + 2y =6 line bs: —x + 2y = —2 line c: x + 2y =4 


SOLUTION Begin by writing each equation in slope-intercept form. 


line a: y = 3x +3 line b: y = 5x — 1 line o: y = —Sx +2 


Lines a and b are parallel because each has a slope of + 


Line c is not parallel to either of the other two lines because it has a slope of 5. 


WA CHECK The graph gives you a 
visual check. It shows that 
line ¢ intersects each of the 
two parallel lines. 


> Line a and line b are parallel. 
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PGOAL 2) SOLVING REAL-LIFE PROBLEMS 


PEXAMPLE 4} Graphing Using Slope-Intercept Form 


CiTy PLANNING You are an intern at a city planner’s office and are asked to 
create a graph for a planning board meeting. The graph will represent different 
heights of a local river during a flood. 


You are given the following equations to model the changing river heights. In 
each equation, / represents the height of the river (in feet) and f represents the 
time (in hours) since the flooding began. 


Stage 1 (first 60 hours): h= st + 24 0<t<60 

Stage 2 (next 12 hours): h=54 60 <f<72 

Stage 3 (last 48 hours): h= 31 + 99 72 <t< 120 
SOLUTION 


You decide to graph all three equations in the same coordinate plane and label the 
graph to describe the three stages of flooding. You notice that each equation is in 
slope-intercept form. The slope in each equation represents the rate at which the 
river’s height is changing during a particular period of time. 

1 


Stage 1: During the first 60 hours, the slope is >: The river height increased 


5 foot per hour, from 24 feet to 54 feet. 


Stage 2: During the next 12 hours, the river stayed at a constant peak height 
of 54 feet. 


CAnEEES Stage 3: During the last 48 hours, the slope is -2. The river height decreased 


-3 foot per hour, from 54 feet to a normal 24 feet. 


To graph each model, you plot each stage within each domain. 


ay CITY PLANNERS 


develop strategies 
for use of a community's land 
and resources. They also 
predict future needs of a 
community and suggest 
protection methods for 
ecologically sensitive areas. 


Sp) CAREER LINK 


www.mcdougallittell.com 


4.6 Quick Graphs Using Slope-Intercept Form 


GUIDED PRACTICE 


Vocabulary Check J 1. Why is the equation y = mx + b called the slope-intercept form? 
Concept Check J 2. Explain how to graph 2x — 3y = 6 using slope-intercept form. 
3. Decide whether the graphs of y = x + 2 and y = x — 4 are parallel lines. 
Skill Check J 4. Choose the equation whose graph is shown at the right. 


A.y=35x-2 B. y = 2x —2 C. y = 2x 
Find the slope and the y-intercept of the graph of the 
equation. 

5.y=2x+ 1 6.y = 11x 7.y=x+3 
8. y = —1.5x 9.y=5x-3 10. y= -x-2 


§% SAVINGS ACCOUNT In Exercises 11 and 12, you have $50 in your 
savings account at the beginning of the year. Each month you save $30. 
Assuming no interest is paid, the equation s = 30m + 50 models the 
amount of money sin your savings account after m months. 


11. What is the slope of the graph of the line? What is the y-intercept? 
12. Graph your total savings. 


PRACTICE anp APPLICATIONS 


COCR O HEHE EEE H EEE E EEE EEE SEES ESET OSES ESET EEE ESET EEE EEE EEHEE ESSE SEES ESSE ESE SESE EEE SEES EE EEEEEEEEEEEEESEEEEESEEEESESEEEEEES 


[_ ee SLOPE AND y-INTERCEPT Find the slope and the y-intercept of the graph of 
Extra Practice mis/equation: 
to help you master 13.y=6x+4 14.y=3x+1 15. y = 2x —3 
skills is on p. 800. 
16. y— 9x =0 17. y= -2 18. 3x + 4y = 16 
19, y= 242 20. y = 29=* 21. 12x + 4y -2=0 


GRAPHING LINES Graph the equation. 


22.y=x+t+3 23. y= 2x-1 24.y=xt+5 
2.y=—-x+4 26.y=6-x 27.y=3x+7 
28.y=4x+4 29.y=x+9 30. y= 4x +9 
31. y = 3a 32. y= —5x-3 33. y = 2 
GRAPHING LINES Write the equation in slope-intercept form. Then graph 
a the equation. 
HOMEWORK HELP 

Example 1: Exs. 13-21 34. y= -2 35. 3x — 6y = 9 36. 4x + Sy = 15 

E le 2: Exs. 22-45, 

aera 37. 4x —y -3 =0 38.x-y+4=0 39. x+y =0 

Example 3: Exs. 46—51 40.x=y= 41.x+ 2. 42. 2x — ay ae 

Example 4: Exs. 56-59 ne ae B= a= 0 
43. y—0.5 =0 44. 5(x + 3+ y) = 10x 45.2x+ 3y-4=x+5 
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FOCUS ON 
APPLICATIONS 


ie Je SNOWSTORMS 
y » Each year an aver- 
age of 105 snowstorms 
affect the continental United 
States. 


NE, 
Le 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with problem 
solving in Ex. 63. 


PARALLEL LINES Decide whether the graphs of the two equations are 
parallel lines. Explain your answer. 


46. y= —3x + 2,y+ 3x = —4 47. 2x — 12 =y,y =10+ 2x 

48. y+ 6x — 8 =0, 2y = 12x — 4 49. 3y — 4x = 3,3y = —4x+ 9 

50. y + 3x = 6x + 1, 9x — 3y =7 51. -x+3+y=2x+3,y+4 = 3x 
MATCHING EQUATIONS AND GRAPHS Match the equation with its graph. 
Ay=iet+1 By=tr-1 Cy=x+2 D.y=-x-1 


2 


2 


% SNOWSTORM In Exercises 56-59, snow fell for 9 hours at a rate of 

~ inch per hour. Before the snowstorm began, there were already 6 inches 

of snow on the ground. The equation y = 4x + 6 models the depth y of 

snow on the ground after x hours. 

56. What is the slope of y = $x + 6? What is the y-intercept? 

57. CRITICAL THINKING Explain what the slope and the y-intercept mean in the 
snowstorm model. 


58. Graph the amount of snow on the ground during the storm. 


59. Writing In the Apple County School District, school is canceled if there is 
a foot or more of snow on the ground. If this 9-hour storm occurred in Apple 
County, would school be canceled? Explain your reasoning. 


4.) PHONE CALL In Exercises 60 and 61, the cost of a long-distance 
telephone call is $.87 for the first minute and $.15 for each additional minute. 


60. PLOTTING POINTS Let c represent the total cost of a call that lasts ¢ 
minutes. Plot points for the costs of calls that last 1, 2, 3, 4, 5, and 6 minutes. 


61. CRITICAL THINKING Draw a line through the points you plotted in 
Exercise 60. Find the slope. What does the slope represent? 


(e}={0)\)/5;\2 CONNECTION In Exercises 62-63, use the following linear equations. 
line as y = —x +2 line b: y= —1 linec: y=x+2 
62. Which of the lines are parallel? Explain. 


63. Graph each equation in the same coordinate plane. What type of polygon do 
they form? Find the area of the polygon. Justify your method. 


4") MODELING REAL LIFE In Exercises 64 and 65, graph the situation. 


64. You start from home and drive 55 miles per hour for 3 hours, where d is your 
distance from home. 


65. You start 165 miles from home and drive toward home at 55 miles per hour 
for 3 hours, where d is your distance from home. 


4.6 Quick Graphs Using Slope-Intercept Form 


BNE, 
R $c APPLICATION LINK 


Visit our Web site 
www.mcdougallittell.com 
for more information 
about roller coasters. 


Test 63 


Preparation 


* Challenge 


www.mcdougallittell.com 


7) ROLLER COASTER In Exercises 66-68, use the following information. 
You are supervising the construction of a roller coaster for young children. For 
the first 20 feet of horizontal distance, the track must rise off the ground at a 
constant rate. After your crew has constructed 5 feet of horizontal distance, the 
track is 1 foot off the ground. 


20 ft 


66. Plot points for the heights of the track at 5-foot intervals. Draw a line through 
the points. Find the slope of the line. What does the slope represent? 


67. After 20 feet of horizontal distance is constructed, you are at the highest 
point of your roller coaster. How high off the ground is the track? 


68. During construction, the park passes a regulation that the track for any roller 
coaster for young children must not be higher than 5 feet off the ground. 
Will your roller coaster pass inspection when it is completed? 


69. IVIULTIPLE CHOICE What is the slope of a line parallel to the graph of the 
equation 1.6x — 3.2y = 16? 


@ —5 0.5 © —05 D5 
70. MIULTIPLE CHOICE If y + 8 = 0, what is the slope of the graph? 
@) Undefined 1 & 0 @® -1 


(e}={0)\)/53/;\2> CONNECTION In Exercises 
71-73, graph the two equations in 
the same coordinate plane. Use the 
following information to decide 
whether the lines are perpendicular. 


It can be shown that two different 
nonvertical lines in the same plane with 
slopes m, and m, are perpendicular if 
and only if > is the negative reciprocal 
of my. 


perpendicular 
lines 


71. y= 2x+4 72,y=—ax-4 73.y=1+ 34 
y=—dr+2 y=3x+2 y=3x-2 


PERPENDICULAR LINES In Exercises 74-76, use Exercises 71-73 to help you 
write an equation of a line that is perpendicular to the given line. 


74. y= 3x-4 75. y = —2x+ 1 76. y = Fx -3 
77. PARALLEL LINES Is it possible to find another line that is parallel to 


3x + 9y = 1 and passes through the point (. 3)? Explain your reasoning. 


Chapter 4 Graphing Linear Equations and Functions 


MIxeD REVIEW 


SOLVING EQUATIONS Solve the equation. (Review 3.3, 3.4 for 4.7) 


78.x+6=14 79.9-y=4 80. 7b = 21 
g1.4=3 82.4¢-2=1 83. 3p — 12 =6 
84. 2(v + 1) =4 85.3(r— 1) =2(r—2) 86. S(w — 5) = 25 


87. % COIN COLLECTION You have 32 coins in a jar. Each coin is either copper 
or silver. You have 8 more copper coins than silver coins. Let c be 
the number of copper coins. Which equation correctly models the situation? 
(Review 1.5) 


A.(c — 8) +c = 32 B.c + (c + 8) = 32 


% COST OF RAISING A CHILD In Exercises 88 and 89, the table shows 
estimated costs of raising a child born in 1996 to a low income family for 
the child's first seven years. (Review 1.6) 


SANE, 


et] DATA UPDATE of USDA data at www.mcdougallittell.com 


88. Make a line graph of the data. 


89. During which year did the cost increase the most? 


Self-Test for Lessons 4.4-4.6 


Find the slope of the line passing through the points. (Lesson 4.4) 
1. (0, 0), (5, 2) 2. (1, 3), (4, —5) 3. (3,3), C6, —4) 
4. (-3,2),{-5,-2) 5. (0, —4), (5, —4) 6. (1, —2), (-7,5) 


The variables x and y vary directly. Given one pair of values for x and y, 
find an equation that relates the variables. (Lesson 4.5) 


7.x=2,y=10 8.x = 8, y = 64 9.x=12,y=72 
10.x = 16,y = 12 11.x=10,y=7 12.x= 18,y=8 


Write the equation in slope-intercept form. Then graph the equation. 
(Lesson 4.6) 


13. y= 2x-4 14. 6x + 12y+4=0 15.x— 2y = 12 
16.x-y+2=0 17.x+2y-2=0 18. 3x + 3y=3 


19. “BUSINESS On January 1, a company had $365,800 in its account. On 
June 1, the company had $215,400 in its account. If the amount in the 
company’s account changed by an equal amount each month, find the rate of 
change. Give your answer in dollars per month. (Lesson 4.4) 


4.6 Quick Graphs Using Slope-Intercept Form 


ACTIVITY 4.6 


Using Technology 


% HELP 
See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


NE, 
ls is KEYSTROKE 


Chapter 4 


a Graphing Calculator Activity for use with Lesson 4.6 
Graphing a 
Linear Equation 


In Lesson 4.6 you learned how to graph a linear equation using the slope 
and the y-intercept. With a graphing calculator or a computer, you can 
graph a linear equation and find solutions. 


> EXAMPLE 1 
Use a graphing calculator to graph 2x — 3y = 33. 


> SOLUTION 
1) Rewrite the equation in terms of @ Press | ( w+ kK 


x and y if necessary. Then solve 


the equation for y. |) Ea - Be : 


Without parentheses, the calculator 


may interpret the fraction as ES 


3y 
2x — By = 33 : 
—3y = —?x + 33 ae 
2 Woe 
tre Tl Y4= 
3 Nee 
Yo= 
Y7= 
(3) Think of the screen as a “window” 4) Press (EGZG to graph the 
that lets you look at part of a equation. A standard viewing 


coordinate plane. Press (uN==y window is shown. 
to set the size of the graph. 


WINDOW 
Xmin=-10 
Xmax=10 
Xscl=1 


Ymin=-10 
Ymax=10 
Yscl=1 


b 


a | 


5) To see the point where the graph crosses the x-axis, you can adjust the 
viewing window. Press {== and enter new values. Then press 


EEG to graph the equation. 


Graphing Linear Equations and Functions 


L Study Tip 


You can continue to 

use zoom until the 
y-coordinate is to the 
nearest tenth, hundredth, 
or any other decimal 
place you need. 


> EXAMPLE 2 


Estimate the value of y when x = —7 in the equation y = Sx = =. 
> SOLUTION aaa 
9) 45 Xmin=-10 
1) Graph the equation y = =x — -> using a Xmax=5 
3 8 Xscl=1 
viewing window that will show the graph Ymin=~15 
Ymax=5 
when x ~ —7. Wee le4 


@ Press and a flashing cursor 


appears. The x-coordinate and y-coordinate 
of the cursor’s location are at the bottom of 
the screen. Press right and left arrows to 

move it. Move the trace cursor until the Y=-10.305 
x-coordinate of the point is at about —7. | 


(3) Use the EEE) feature to get a more 


' 1 I 1 = 
accurate estimate. A common way to zoom 
is to press [ESV and select Zoom In. | 
You now have a closer look at the graph at | 
that point. Repeat Step 2. yj X--7 y=-10.291 
> When x = —7, y ~ —10.3. 


> EXERCISES 


Use the standard viewing window to graph the equation. 
y= x 3 Ve OD On eh sear 2p = =I 4.x—-—3y=3 


Use the indicated viewing window to graph the equation. 


5.y=x+25 6. y= 0.1x 7. y = 100x + 2500 
Xmin =-10 Xmin = —-10 Xmin =0 
Xmax = 10 Xmax = 10 Xmax = 100 
Xscl = 1 Xscl = 1 Xscl = 10 
Ymin =—-5 Ymin =-5 Ymin =0 
Wimax 35) Ymax = 1 Ymax = 15000 
Wool =5 Yscl = 0.1 Yscl = 1000 


Determine an appropriate viewing window for the graph of the equation. 
8. y = x — 330 9.y=x—-0.3 10. y = 120x 11. y = 40,000 — 1500x 


Use a graph of the equation to estimate the value of y for the given value 
of x. 


12. y = —9x when x = —1.05 13. y = 5x + 651 when x = 2.3 


14. y + 4x = 5 when x = 19 15. y = —2x — 3 when x = 954 


4.6 Technology Activity 


Solving Linear Equations 
Using Graphs 


PGOAL 1) SOLVING LINEAR EQUATIONS GRAPHICALLY 


_ What. you should loot, (TTT Trey 


GOAL 1) Solve a linear Up to this point, you have been solving linear equations and checking the 
equation graphically. solutions algebraically (by using algebra). In this lesson you will learn how to 
GON Use a graph to solve linear equations and check solutions graphically (by using a graph). 
solve real-life problems, 

such as estimating when STEPS FOR SOLVING LINEAR EQUATIONS GRAPHICALLY 
there will be 2.5 million 

registered nurses in The solution of a linear equation can be found graphically using the 
Example 4. following steps: 


Why suchoul learnt STEP @ Write the equation in the form ax + b= 0. 


STEP @ Write the related function y = ax + b. 


WV To solve real-life 
problems such as finding sTeP © Graph the equation y = ax + b. 


production costs of a small 


business in Ex. 44. 
Bix 


The solution of ax + b= 0 is the x-intercept of y = ax + b. 


T EXAMPLE 1 | Using a Graphical Check for a Solution 


Solve 2x — 5 = 1 algebraically. Check your solution graphically. 


SOLUTION 
2x-5=1 Write original equation. 


2x =6 Add 5 to each side. 
x=3 Divide each side by 2. 
WA CHECK Solve 2x — 5 = | graphically as a check. 


@ Write the equation in the form ax + b = 0. 
2x—-5=1 
2x -6=0 

@ Write the related function in 
two variables. 


y=2x-6 


© Graph the related function 
y=2x — 6. 


4x 


| The x-intercept is 3, 
so the solution is 3. 


Notice that the x-intercept is 3, 
which is the solution of 

2x — 6 = 0. This confirms that 
3 is the solution of 2x — 5 = 1. 


Chapter 4 Graphing Linear Equations and Functions 


PSTUDENT HELP| EXAMPLE 2 ] Solving an Equation Graphically 
Study Tip 


When you know two Solve o + 3 = 2x graphically. Check your solution algebraically. 
ways to solve a problem, 
it’s a good idea to use 


one method to get a SOLUTION 
solution and the other . oo, 
method to check the @ Write the equation in the form ax + b = 0. 
solution. This is done in 4 7 _ : 
Examples 1 and 2. 3% +3 = 2x Write original equation. 
—$x +3=0 Subtract 2x from each side. 
© Write the related function y = $x + 3: 


© Graph the equation 


y= Sx 43. 


The x-intercept 


y= —2x+3 | The x interceptis 2, so 


| at the solution is 2 


appears to be *. ee 
WA CHECK Use substitution. Tae 
: - | 
3% +3 =2x 


48) +9226) 


6+3=9 <———— True statement 


> The solution of Fx +3 = 2xis ‘. 


T EXAMPLE 3 | Using a Graphing Calculator 


() Use a graphing calculator to approximate the solution of the linear equation 
== 2.65(4x — 9) = —8.85 + 7.6x. 


SOLUTION 
When you graph an equation using a graphing calculator, you do not need to 
simplify the equation before entering it. 


2.65(4x — 9) + 8.85 — 7.6x = 0 Rewrite equation so one side is 0. 


Then use a graphing calculator 
(or a computer) to graph the 
related function 


y = 2.65(4x — 9) + 8.85 — 7.6x. 


> The x-intercept appears to be 5. Check 
that 5 is a solution of the original equation. 


4.7 Solving Linear Equations Using Graphs 


FOCUS ON 
CAREERS 


PGOAL 2) APPROXIMATING SOLUTIONS IN REAL LIFE 


Example 4 shows how to apply the graphical approach of Examples 1—3 to a 
real-life problem. Example 5 shows another graphical approach to this problem. 


EXAMPLE 4 } Approximating a Real-Life Solution 


NURSES Based on data from 1980 to 1997, a model for the number n (in 
millions) of registered nurses in the United States is n = 0.0551 + 1.26, where t 
is the number of years since 1980. According to this model, in what year will the 
United States have 2.5 million registered nurses? > Source: U.S. Public Health Service 


SOLUTION 
Kam ee / Substitute 2.5 for n in the linear model. You can 
ay NURSES answer the question by solving the resulting linear 
Registered nurses equation, 2.5 = 0.055¢ + 1.26. Oe SeE 
are often responsible for : oe This is where 0.055t — 1.24 = 0 
measuring vital signs and Write the equation in the form ax + b = 0. Is Is where U. Ln = U. 
giving correct doses of 2.5 = 0.055t + 1.26 
medication. . : . 
KANE, 
ip CAREER LINK 0 = 0.055t — 1.24 


www.mcdougallittell.com ; 
2 Graph the related function. 


y = 0.055t — 1.24 


y | 


= 


The f-intercept is about 22.5. 


> Because ¢ is the number of years since 1980, you can estimate that there will 
be 2.5 million registered nurses sometime in 2002. 


EXAMPLE 5 } Solving by Graphing Both Sides 


Another graphical approach that you can use to solve the equation 
2.5 = 0.055t + 1.26 in Example 4 is to write and graph a function for each 
side of the equation. 


2.5 = 0.055¢ + 1.26 Original equation. 
y=2.5 Function for left side of equation. 
y = 0.055¢ + 1.26 Function for right side of equation. 
Then graph both functions in the 
same coordinate plane. The graphs 


cross where the value of y for both 
functions is about 2.5. 


er eoeenenne > The t-coordinate where the graphs 


| Where the two 
j graphs intersect, 
— 0.055t+ 1.26 = 2.5. 


Visit our Web site intersect is about 22.5, the same a 
www.mcdougallittell.com value found by the method in 
for extra examples. Example 4. 
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GUIDED PRACTICE 


PPPOE EE EEHE HOLES EE EEEEHE HEE ESE OEE EEEEH EEE EOEE TELE EEEO EEE EEOEH EEE SEEEH ERE EETEH ETE DESEH EEE EOEH EE DESES ERE EESEH EEE EE EES 


Vocabulary Check J 1. Explain how to solve a linear equation in one variable graphically. 
Concept Check J 2. In Example 2, explain why the x-intercept of the line y = —$x 3 1s 
the solution of the equation 0 = — Sx eo 

Solve the equation graphically. Check your answer algebraically. 

3.x-3=7 4.2-x=-5 5.5x+6= —-9 
Skill Check J In Exercises 6-10, match the one-variable equation with its related 

function. 

6. 2x = 10 A. y = 2x — 16 

7. 2x — 10 =6 B. y= —2x- 11 

8.5x+4=3x4+5 C. y= 2x — 10 

9. —4x —-6 = —-2x+5 D. y=2x-1 

10. 19x +3 =x E. y= 18x +3 


PRACTICE ano APPLICATIONS 


MATCHING EQUATIONS AND GRAPHS Match the equation with the line 
. whose x-intercept is the solution of the equation. 
Extra Practice 
to help you master A. 2x —4=0 B.x+6=0 C.x-6=0 


skills is on p. 800. 


RELATED FUNCTIONS Write the equation in the form ax + b= 0. Then 
write the related function y = ax + b. 


14. 7x —3=3 15. 6 — 4x = 13 16.9 + 5x = 19 
17. 12x + 5 = 8x 18. —4r-5=3r+8 19.6 — Sx = 13 + ax 
SOLVING EQUATIONS Solve the equation algebraically. Check your solution 
graphically. 
HOMEWORK HELP 

Example 1: Exs. 11-28 20. 5x +3 = -2 21. —3x+ 11 =2 22. —x = —2 

Example 2: Exs. 11-37 1 1 ; 

Example 3: Exs. 38-43 23. 2x + 7= 10 24. ae +1= -F 25. ax + 5=3 

Example 4: Exs. 44, 45 

Example 5: Exs. 44, 45 on = _9 a 
26. 3x 6=—-4 27. get3=74 28. 3x 3 2 


4.7 Solving Linear Equations Using Graphs 


SOLVING GRAPHICALLY Solve the equation graphically. Check your 
solution algebraically. 


Lee ee 30. 5x -2=8 31. —4x = —12 
32.6x +9 =3 33.7 —-—9x = -11 34. 3x + 10 = —2x 
$5. = 54 = 19 = 3 36. 5x +1=4 37. 5x +5=3 


= SOLVING GRAPHICALLY Use a graphing calculator to find the solution 
=: of the equation. Check your solution algebraically. 


38. 4(x + 2) = 3(x + 5) 39. —1.6(1.5x + 7.5) = 0.6(6x + 30) 
40. (x + 7) = $(10x + 2) 41. 0.7(3x — 20) = 22 — 3.9x 

3 3 1 1/55 
42. qax = 15) = 54x = 18) 43. 3 (10x + 27) = -+( Ba + 25) 


44. § PRODUCTION COSTS Chai has a small business making decorated hats. 
She calculates her monthly cost y of producing x hats using the function 
y = 1.9x + 350. In January, her cost was $458.30. How many hats did she 
make that month? Solve algebraically and graphically. 


_ ee 45. “Tourism Based on data 
rer APPLICATION LINK from 1991-1995, a model for the 


Visit our Web site annual number of visitors v from 
www.mcdougallittell.com the United States to Europe is 
for more information 
about tourism in Ex. 45. v = 559,100¢ + 6,423,000 


where ¢ is the number of years 
since 1991. According to this 
model, in what year will the 
number of visitors to Europe 
reach 11,000,000? 


> Source: U.S. Bureau of the Census Venice, Italy 


3 VIEWING HABITS In Exercises 46-49, use the models below. They can 
be used to estimate the average number of hours h per week that a house- 
hold in the United States watches television programs. In all three models, 
tis the number of years since 1985. > Source: Media Dynamics, Inc. 


Hours spent watching television: h = 0.57t + 54.85 
Hours spent watching talk shows: h = 0.35t + 4.06 
Hours spent watching game shows: h = —0.2t + 3.4 


46. According to the model, in what year will a household watch television an 
average of 70 hours per week? 


47. According to the model, in what year will a household watch an average of 
10 hours of talk shows per week? 


48. According to the model, in what year will the average number of hours per 
week that a household watches game shows be zero? 


49. Writing Did you solve Exercises 46—48 algebraically or graphically? Give 
a reason for your choice. 
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Test €3) 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


50. IMIULTI-STEP PROBLEM The U.S. Bureau of Labor Statistics projects job 
growth by using three models to make low, moderate, and high estimates. 
The equations below model the projected number of auto mechanics m from 
1994 to 2005. In all three models, f is the number of years since 1994. 


Model 1: m = 13,272t + 736,000 
Model 2: m = 9455t + 736,000 
Model 3: m = 11,455t + 736,000 


a. For each model, write an equation that enables you to predict the year in 
which the number of auto mechanics will reach 800,000. 


b. In the same coordinate plane, graph the related function for each equation 
that you found in part (a). According to each model, in what year will the 
number of auto mechanics reach 800,000? 


c. VISUAL THINKING Which model gives a high estimate of the number 
of mechanics? a low estimate? How can you tell this from the graphs of 
the models? 


51. COMPARING METHODS Below, Tanya and Dwight solve 3x — 5 = 2x — 3 
graphically. Does each method give a correct solution? Explain. 
Tanya | g | | | | | | | | Dwight 
825 = 2x - 3 
Kt 5|=|-9 
K 4 2|=|0 | 


Graph y =x - 2. 
Prix | 


Grath ¥ == FZ] 
ixee tT 


SOCCER EEE EEE EEE EEE HEHEHE EEE EEE EEE EEE EEE EEEEE EE EEEEEE EEE EEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEES 


CHECKING SOLUTIONS Is the given number a solution of the inequality? 
(Review 1.4) 


52.x+3>5;7 53.-2-—x=-9;-7 54.3x -—1122;4 
55. 8 + 5x < —2; -2 56. 4x — 1 > 10;3 57.2x +4 <= 3x -— 3;5 


DISTRIBUTIVE PROPERTY Apply the distributive property. (Review 2.6) 
58. 4(x + 7) 59. —8(8 — y) 60. (3 — b)9 61. (q + 4)(—3q) 
62. 10(6x + 2) 63. —2(d — 5) 64. (7 — 2a)(4a) «65. —S5w(-3 + 2w) 
66. % FLOWER SERVICE You start a daily flower club and charge $10 to join 
and $.50 per day. Every day each member of the club gets a fresh flower. Let 
n represent the number of club members and let / represent your income for 
four weeks. A model for the situation is J = [10 + 4+ 7(0.5)]n. Write an 


input-output table that shows your income for 2, 4, 6, 8, and 10 club 
members. (Review 1.7) 


4.7 Solving Linear Equations Using Graphs 


Functions and Relations 


ARERR RRR EERE R EERE EEE EERE ERE EERE EEE EEE E EEE EE EEE EEE EE EEE EEE EE EEE EE EEE E EERE EE EEE REESE EEE EE EEE EES 


PGOAL 1) IDENTIFYING FUNCTIONS 
What. you should learn 


Identify when a In defining functions, you learned that for every input there corresponds exactly 
relation is a function. one output, as in the case of linear functions defined by the rule y = mx + b. 

Use function nota- However, there are rules that associate more than one output with an input, as in 
tion to represent real-life x = y’ where the input x = 4 corresponds to the outputs y = 2 and y = —2.A 
situations, such as modeling tule of this type, where an input can have more than one output, is a relation. A 
butterfly migration in relation is defined to be any set of ordered pairs. 


Example 4. 


Why you should learn it @SEV TINY Identifying Functions 


Y To solve real-life problems 


such as projecting the number = Decide whether the relation is a function. If so, give the domain and the range. 
of high school students and 


college students in a. Input Output b. Input Output 
Exs. 50-52. 
Me, | 
To fe... - 
SOLUTION 


a. The relation is a function. For each input there is exactly one output. The 
domain of the function is the set of input values 1, 2, 3, and 4. The range is 
the set of output values 2, 4, and 5. 


b. The relation is not a function because the input | has two outputs: 5 and 7. 


When you graph a relation, the input is given by the horizontal axis and the 
output is given by the vertical axis. 


VERTICAL LINE TEST FOR FUNCTIONS 


A relation is a function of the horizontal-axis variable if and only if no 
vertical line passes through two or more points on the graph. 


[ Look Back 


For help with domain function function not a function not a function 
and range, see p. 47. 
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GVO) usine Function Notation 


When a function is defined by an equation, it is convenient to give the function a 
name. In making a table of values for the equation y = 3x + 2, you apply the rule 
multiply by three and add two to transform an input x into the output y. By giving 
the rule multiply by three and add two the name f, you have a shorthand notation 
for applying this rule to different numbers and variables. The fact that this rule 
transforms the input | into the output 5 can now be written f(1) = 5. 


In general, the symbol f(x) replaces y and is read as “the value of f at x” or 
simply as “f of x.” It does not mean f times x. f(x) is called function notation. 


EXAMPLE 2 ] Evaluating a Function 


_ Evaluate the function for the given value of the variable. 
Study Tip a. f(x) = 2x — 3 whenx = —2 b. 2(x) = —5x when x = 0 


You don’t have to use f 
to name a function. You 


SOLUTION 

can use other letters, 
such as gand fh. a. f(x)=2x-3 Write original function. 

f(—2) = 2(-2) — 3 Substitute —2 for x. 

=-7 Simplify. 
b. g(x) = —5x Write original function. 
g(0) = —5(0) Substitute 0 for x. 
=0 Simplify. 


Since function notation allows you to write f(x) in place of y, the graph of 
afunction f is the set of all points (x, f(x)), where x is in the domain of the 
function. To graph a linear function, you may want to rewrite the function using 
x-y notation. 


T EXAMPLE 3 ] Graphing a Linear Function 


Graph f(x) = —3x + 3. 


SOLUTION 


Rewrite the function as y = x + 3, 


The y-intercept is 3, so plot (0, 3). 


The slope is 5. 


Draw a slope triangle to locate a 
second point on the line. 


4.8 Functions and Relations 


EXAMPLE 4 ) Writing and Using a Linear Function 


BUTTERFLIES Use the diagram 
about monarch butterfly migration. 


a. Write a linear function that 
models the distance traveled 
by a migrating butterfly. 


b. Use the model to estimate the 
distance traveled after 
30 days of migration. 


c. Graph your model and 
label the point that represents 
the distance traveled after 
30 days. 


Monarch butterflies migrate from the northern 


SOLUTION United States to Mexico. 


a. You can see in the photo caption below that the butterflies travel about 
2000 miles in 40 days. Their average speed is 50 miles per day. To create a 
linear model, we approximate the actual speed with this constant. 


VERBAL Distance _ | Average | Ti 

MODEL traveled ~ | speed IRE 

LABELS Time = ¢ (days) 
Average speed = 50 (miles per day) 


Distance traveled = f@ (miles) 


FOCUS ON ALGEBRAIC 
APPLICATIONS MopEL f@ =50t 


b. To estimate the distance traveled after 30 days, substitute 30 for ¢. 


f@®) = 50t Write linear function. 
f(30) = 50-30 Substitute 30 for t. 
= 1500 Simplify. 


The distance traveled after Butterfly Migration 


30 days is 1500 miles. 


UNIT ANALYSIS You can 


a 
use unit analysis to check = 
that miles are the units of the = 
; — it solution. 5 
te S 
Ly miles . a 
J)’ MONARCH =~ + days = miles 
Ss BUTTERFLY day” 
Thousands of monarch 
butterflies migrate in one c. From the graph, you See 5 10 15 20 25 30 35 
large flock. The 2000-mile that distance traveled is a Tita des) 
trip takes about 40 days. function of time. ud 
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GUIDED PRACTICE 


COCO HOEEE EEE E EEE O EEE EEE EEE EE EEE EEE EEEEE EEE EEE EEE EEE EEE EEEEE EEE EEE EEE EEE EEE EEE EEE EEE EEEEEE EEE EEE EEE EEEEEEEEEEEEEE EE EEE 


Vocabulary Check J 1. Is every function a relation? Is every relation a function? Explain. 
Concept Check J 2. Describe a line that cannot be the graph of a linear function. 


Skill Check JY Evaluate the function f(x) = 3x — 10 for the given value of x. 
3.x=0 4.x = 20 5.x = —2 ips 


In Exercises 7-9, decide whether the relation is a function. If it is a function, 
give the domain and the range. 


7. Input Output 8. Input Output 9. 


10. % CAR TRAVEL Your average speed during a trip is 40 miles per hour. 
Write a linear function that models the distance you travel d(t) as a function 
of t, the time spent traveling. 


PRACTICE anp APPLICATIONS 


GRAPHICAL REASONING Decide whether the graph represents y as a 
' function of x. Explain your reasoning. 
Extra Practice 


to help you master 11. y 12. y 13. y 
skills is on p. 800. 
xX 
x x 


RELATIONS AND FUNCTIONS In Exercises 14-19, decide whether the 
relation is a function. If it is a function, give the domain and the range. 


14. Input Output 15. Input Output 16. Input Output 


B ae 
} E hee 
MW ie 


[_ 17. Input Output : Input Output : Input Output 
HOMEWORK HELP 


Example 1: Exs. 11-19 0 0 i i u 

Example 2: Exs. 20-28 1 2 2 3 2 

Example 3: Exs. 29-40 

Example 4: Exs. 50-52 zs 2 2 si 
3 2 4 7 1 


4.8 Functions and Relations 


EVALUATING FUNCTIONS Evaluate the function when x = 2, x = 0, and 


x= -3. 

20. f(x) =10x+1 21. 2(x) = 8x — 2 22. h(x) = 3x + 6 
23. g(x) = 1.25x 24. h(x) = 0.75x + 8 25. f(x) = 0.33x — 2 
26. h(x) = Sx —4 27. g(x) = 2, +7 28. f(x) = 2, +4 


GRAPHICAL REASONING Match the function with its graph. 
f(x) = 3x — 2 B. f(x) =2x+2 C. f(x) = sx = 


GRAPHING FUNCTIONS In Exercises 32-40, graph the function. 


32. f(x) = —2x+5 33. e(x) = —x+ 4 34. h(x) = 5x — 6 
35. (x) = 2x -3 36. h(x) = 5 +2 37. f(x) = —pxt1 
f(x) =4x4+1 39. h(x) =5 40. g(x) = —3x — 2 


41. Writing Describe how to find the slope of the graph of linear function f 
given that f(1) = 2 and f(3) = — 


_ a FINDING SLOPE Find the slope of the graph of the linear function f. 
$°3) HOMEWORK HELP 42, (2) = —3, f(-2) =5 43. f(0) = 4, f(4) =0 


Visit our Web site 
www.mcdougallittell.com 44. F-38355) =9 45. f(6) = —1, f(3) =8 
for help with Exs. 42—49. 46. #(9) = -1, f(-1) =2 47. f(—2) = -1, f(2) = 6 
48. f(2) = 2, f(3) =3 49. f(—1) = 2, f3) =2 


% HIGH SCHOOL AND COLLEGE STUDENTS In Exercises 50-52, use the 
graph below. It shows the projected number of high school and college 
students in the United States for different years. Let x be the number of 
years since 1980. 


50. Is the projected high school Student Enrollment 
enrollment a function of the year? 
Is the projected college enrollment 
a function of the year? Explain. 


51. Let f(x) represent the projected 
number of high school students 


in year x. Estimate f(2005). MHigh school 


College 


@ 
& 
<2 
= 
= 
= 
o 
= 
x) 
—_ 
= 
wi 


52. Let g(x) represent the projected 
number of college students in 


Y i 1980 
year x. Estimate 2(2005). ears since 


<&"e~ DATA UPDATE of National Center for Education 
te] Statistics data at www.mcdougallittell.com 
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APPLICATIONS 53. (§ ZYDECO Music The graph Music Festival 
shows the number of people who 
attended the Southwest Louisiana 
Zydeco Music Festival for different 
years, where k is the number of years 
since 1980. Is the number of people 
who attended the festival a function 
of the year? Explain. 

> Source: Louisiana Zydeco Music Festival 


cr) 
° 
= 
6 
3 
& 
o 
= 
<= 


10 15 k 
Years since 1980 


54. “ MASTERS TOURNAMENT The table shows information about the top 
7 winners of the 1997 Masters Tournament in Augusta, Georgia. Graph the 


2@* ZYDECO music relation. Is the money earned a function of the score? Explain. > Source: Golfweb 

Ss blends elements 

from a variety of cultures. 

ep et iate ata | Score | 270 | 282 | 283 | 284 | 285 | 285 | 286 _| 

origins. The rub board was 486,000 | 291,600 | 183,600 | 129,600 | 102,600 | 102,600 | 78,570 

invented by Louisiana 

natives whose roots go back 

to France and Canada. 55. Eee CONNECTION It takes 4.25 years for starlight to travel 25 trillion 
miles. Let t be the number of years and let f(t) be trillions of miles traveled. 
Write a linear function f(t) that expresses the distance traveled as a function 

of time. 


ODY» 
Test éS) QUANTITATIVE COMPARISON In Exercises 56-58, choose the statement 
Preparation that is true about the given quantities. 


CAD The number in column A is greater. 
The number in column B is greater. 
C&> The two numbers are equal. 


@> The relationship cannot be determined from the given information. 


Column A Column B 


f(x) = —7x + 4 when x = —4] f(x) = —7x + 4 when x = —5 


f(x) = Sx — 3 whenx =7 f@) = Sx — Swhenx = 11 


g(x) = 6x — 4 when x = 2 h(t) = 6t — 5 when t = 2 


7 a 


* Challenge © RESTRICTING DOMAINS In Exercises 59-62, use the equations 
1 


1 
we = AY = eae 


59. Use a graphing calculator or computer to graph both equations. 
60. Explain why each equation is not a function for all real values of x. 


61. How can you restrict the domain of each equation so that it is a function? 


62. Describe what happens to the graph of y = 1 near the value(s) of x for which 
www.mcdougallittell.com the graph is not a function. 


4.8 Functions and Relations 


MIxeD REVIEW 


MATRICES Find the sum or the difference of the matrices. (Review 2.4) 


oo ae HS 40)... [24-801 
E | = = 2 a 0 | = ke aH 

62 -12) [-36 59 9 4 6]. [6 4 =s 
65.|-25 —44 98 -43| 66|-4 -7 1|+]-2 4 -4 

34 5.8 -9 74 = & =i 05 1 


SOLVING EQUATIONS Solve the equation if possible. (Review 3.4) 
67. 4x + 8 = 24 68. 3n = 5n — 12 69. 9 — 5z = —8z 
70. -Sy+6=4y+3 71. 3b +8=9b-7 72. —7q — 13 =4—-7q 


GRAPHING LINES In Exercises 73-78, write the equation in slope-intercept 
form. Then graph the equation. (Review 4.6 for 5.1) 


73. 2x —-y+3=0 74.x + 2y-6=0 75. y — 2x =—-7 
76. 5x -—y=4 77.x-—2y+4=2 78. 4y + 12 =0 


79. % CHARITY WALK You start 5 kilometers from the finish line and walk 15 


kilometers per hour for 2 hours, where d is your distance from the finish line. 
Graph the situation. (Review 4.6 for 5.1) 


Self-Test for Lessons 4.7 and 4.8 


Solve the equation graphically. Check your solution algebraically. (Lesson 4.7) 


1.4% +3=—-5 2.6x — 12 = —9 3.8% —-7=x 
_ We et 3. em 
4. —5x —4= 3x 5. 3x + 5 3% 8 6. 7x + 2 qx 6 


Evaluate the function when x = 3, x = 0, and x = —4. (Lesson 4.8) 


7. h(x) = 5x-—9 8. g(x) = —4x + 3 9. f(x) = 1.75x — 2 
10. h(x) = —1.4x 11. f(x) = ix +9 12. 2(x) = a + 3 


In Exercises 13-18, graph the function. (Lesson 4.8) 
13. f(x) = —5x 14. h(x) = 4x — 7 15. f(x) = 3x — 2 


16. h(x) = 2, a | 17. f(x) = ix + + 18. g(x) = —6x + 5 

19. % LUNCH BOX BUSINESS You have a small business making and 
delivering box lunches. You calculate your average weekly cost y of 
producing x lunches using the function y = 2.1x + 75. Last week your cost 
was $600. How many lunches did you make last week? Solve algebraically 
and graphically. (Lesson 4.7) 
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Chapter Summary 


WHAT did you learn? WHY did you learn it? 


Plot points and draw scatter plots. (4.1) _ See relationships between two real-life 
quantities and make predictions. (p. 205) 


eee eee eee eee reer ere ere rr errr rer rere cree rere errr rer rr rer errr errr rere eres rer er rer rer rere rrr rte rer rer rere rrr rr errr rer rr rrr terre rer errr errr rrr rere rrr r errr rere errr re rrr 


Graph a linear equation in two variables 


* using a table of values. (4.2) Model earnings from a business. (p. 216) 
* using intercepts. (4.3) Make a quick graph to help plan a fundraiser. 
(p. 220) 
* using slope-intercept form. (4.6) Make a quick graph of a river’s heights. (p. 243) 
Find the slope of a line passing through Represent the steepness of a road. (p. 231) 
two points. (4.4) 
Interpret slope as a rate of change. (4.4) _ Describe the rate of change of a parachutist’s 
height above the ground. (p. 229) 
Write and graph direct variation Model the relationship between lengths of stringed 
equations. (4.5) instruments. (p. 238) 
Use a graph to check or approximate the Model production costs for a business. (p. 254) 


solution of a linear equation. (4.7) 


Identify, evaluate, and graph functions. (4.8) Model projected school enrollments. (p. 260) 


How does Chapter 4 fit into the BIGGER PICTURE of algebra? 


In this chapter you saw that relationships between variables may be expressed in 
algebraic form as an equation or in geometric form as a graph. Recognizing and 
using the connection between equations and graphs is one of the most important 
skills you can acquire to help you solve real-life problems. 


STUDY STRATEGY 


How did you use your 


list of questions? d |. In Lesson 4.1, Exercises 19-26, how can | find the 
P quadrant without plotting the points? 


Getting Questions Answered 


The list of questions and é 
answers you made, using the : Answer: Mary told me that | just need to look at 
Study Strategy on page 202, > each coordinate to see the direction | 
may resemble this one. : move. 


For example, with (4,-5), Igo right and then down 
So the point is in Quadrant IV. 


* coordinate plane, p. 203 * origin, p. 203 * graph of an equation, p. 210 * direct variation, p. 234 


* ordered pair, p. 203 * quadrants, p. 203 * x-intercept, p. 218 * slope-intercept form, p. 241 
* x-coordinate, p. 203 * graph of an ordered pair, ° y-intercept, 218 * parallel lines, p. 242 
* y-coordinate, p. 203 p. 203 * slope, p. 226 * relation, p. 256 
° x-axis, p. 203 * scatter plot, p. 204 * rate of change, p. 229 * function notation, p. 257 
* y-axis, p. 203 * solution of an equation, p.210 — « constant of variation, p. 234 * graph of a function, p. 257 
Examples on 
Dy COORDINATES AND SCATTER PLOTS pp. 203-205 
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To plot the point 

(4, —2), start at the 
origin. Move 4 units 
to the right and 

2 units down. 


To plot the point 

(—3, 1), start at the 
origin. Move 3 units to 
the left and 1 unit up. 


1. Make a scatter plot of the data 


Plot and label the ordered pair in a coordinate plane. 
2. A(4, 6) 3. B(0, =3) A. C(=3.5;5) 5. D(4, 0) 


E: I 
YS craptine Linear Equations pp. 210-213 
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GMNTLED To graph 3y = x — 6, 
solve the equation for y, make a table 
of values, and plot the points. 


3y=x-6 Write original equation. 


y= ut Divide each side by 3. 


Graph the equation. 
by = oer Ly=T-de S92 —-AG $1) Gx = thoy 
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E. 1 
3 CT Quick GRAPHS USING INTERCEPTS pp. 218-220 
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EXAMPLE To graph y + 2x = 10, first find the intercepts. 


y+2x= 10 y+ 2x = 10 
0+ 2x = 10 y + 2(0) = 10 
x=5 y=10 


Plot (5, 0) and (0, 10). Then draw a line through the points. 


Graph the equation. Label the intercepts. 
10. -—x + 4y=8 11. 3x + Sy = 15 12. 4x — Sy = —20 13. 2x + 3y = 12 


E I 
DL) tne store oF a Line pp. 227-229 
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. EXAMPLE ] To find the slope of the line passing through the points (—2, 5) 
and (4, —7), let (x1,.¥1) = (—2, 5) and (xp, yz) = (4, —7). 


m= eae Write formula for slope. 
a a | 
See , 
Hie a (2) Substitute values. 
ee paar 
= Gee Simplify. 
m=-—2 Slope is negative. 


Plot the points and find the slope of the line passing through the points. 
14. (2, 1), (3, 4) 15. (0, 8), (—1, 2) 16. (2, 4), (5, 0) 17. (0, 5), (—4, 5) 


E. 1 
SW sopmect variation pp. 224-236 
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GEL I x and y vary directly, the equation that relates x and y is of the form 
y = kx. If x = 3 when y = 18, then you can write an equation that relates x and y. 


y=k Write model for direct variation. 
18 = k(3) Substitute 3 for x and 18 for y. 
6=k Divide each side by 3. 


An equation that relates x and y is y = 6x. 
The variables x and y vary directly. Use the given values of the variables to 
write an equation that relates x and y. 


18.x =7,y = 35 19.x =12,y = —4 20.x =4,y = —16 21. x =3,y = 10.5 


Chapter Review 


E I 
Dy Quick GRAPHS USING SLOPE-INTERCEPT FORM pp. 241-243 


GELUTIE® Use the following steps to graph 4x + y = 0. 
STEP @ Write the equation in y = mx + b form: y = —4x. 
STEP @ Find the slope and the y-intercept: m = —4, b = 0. 


STEP © Plot the point (0, 0). Draw a slope triangle to locate a 
second point on the line. Draw a line through the two points. 


Graph the equation. 


22.y=—x—2 23.x — 4y = 12 24. —x + 6y = —24 


E. 1] 
47 SOLVING LINEAR EQUATIONS USING GRAPHS pp. 250-252 


ARAN RRR ORR REE eee EEE EEE EERE EEE EEE EE EEE EEE HEHEHE EEE EE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEE EES 


. EXAMPLE ] You can solve the equation 2x — 4 = 2 graphically. 
2x-4=2 Write original equation. 
2x -6=0 Write in form ax + b= 0. 
y=2x-6 Write related function y = ax + b. 


Graph y = 2x — 6. The x-intercept is 3, so the solution is x = 3. 


/ CHECK 2x-4=2 Write original equation. 
2(3):— ae Substitute 3 for x. 
9 True statement. 


Solve the equation graphically. Check your solution algebraically. 


25. 3x —6 =0 26. —5x —-3 =0 27. 3x + 8 = 4x 28. —4x —-1=7 
Examples on 
48 FUNCTIONS AND RELATIONS pp. 256-258 


FOR R RRR RRR eR EEE E REE EEE HEE EEE EE EEE HEHEHE HEHEHE EEE EE HEHE EEEEEEEE HEHE EEEEEEEEHEEEEEEEEEEEE HEHE HEHEHE EEEHEEEE EEE EEE HEHE EEEEE EEE HEHE EERE 


G@SLUTTD To evaluate the function f(x) = an + 1 when x = 15, substitute the 
given value for x. 


f@) = ix +1 Write original function. 


f(15) = —£(15) = Substitute 15 for x. 


f(15) = —2 Simplify. 


Evaluate the function for the given value of x. Then graph the function. 
29. f(x) = x — 7 when x = —2 30. f(x) = —x + 4 when x = 4 
31. f(x) = 2x + 6 when x = —3 32. f(x) = 1.5x — 4.2 when x = —9 


Chapter 4 Graphing Linear Equations and Functions 


Chapter Test 


Plot and label the points in a coordinate plane. 


1. A(2, 6), B(—4, —1), C(-1, 4), D3, —5) 2. A(-5, 1), B(O, 3), C(—1, —5), D(4, 6) 
3. A(7, 3); B-2, —2), CO, 4), DG, =2) 4.A(0,=1),8i-S, =6), CU, =2), D2 4) 
Graph the line that has the given intercepts. 
5. x-intercept: 3 6. x-intercept: —5 7. x-intercept: 6 8. x-intercept: 4 
y-intercept: —1 y-intercept: 4 y-intercept: 6 


Use a table of values to graph the equation. 
9.y=-x+3 10.y=4 11. y= —(5 — x) 


Graph the equation. Tell which method you used. 


13.2x+y—11=0 14. 3x — 2y —-2 =0 15. —7x -—y +49 =0 


Plot the points and find the slope of the line passing through the points. 
17. (0, 1), (—2, —4) 18. (—4, 1), (5,-7) 19. (—3,.5), 2, —2) 


The variables x and y vary directly. Use the given values of the variables to 


write an equation that relates x and y. 


21.x = —-2,y=—-2 22.x=2,y = 10 23.x = —-3,y=7 


24.x=F,y=6 25.x = 13,y =3.9 26. x = 16, y = 3.2 


In Exercises 27 and 28, decide whether the graphs of the two equations are 


parallel lines. Explain your answer. 


y-intercept: —3 
12.x=6 


16. $x + y— 32=0 


20. (—3, —1), (2, -1) 


27.y=4x+3,y= —-4x—-—5 28. 10y + 20 = 6x, Sy = 3x + 35 


29. Solve x — 2 = —3x graphically. Check your solution algebraically. 


In Exercises 30-32, evaluate the function when x = 3, x = 0, and x = —4. 


30. f(x) = 6x 31. f(x) = —@ — 2) 32. g(x) = 3.2x + 2.8 


33. “) FLOOD WaTERS A river has risen 6 feet above flood stage. Beginning at 


time ft = 0, the water level drops at a rate of two inches per hour. The 


number of feet above flood stage y after ¢ hours is given by y = 6 — at. 


Graph the equation over the 12-hour period from t = 0 tot = 12. 


34. “) SHOE SIZES The table below shows how foot length relates to women’s 


shoe sizes. Is shoe size a function of foot length? Why or why not? 


ee 1 1 5 3 15 1 1 
fais] EEE [Lo [oF [oF 


mm fete fe fe 


Chapter Test 


i, 


correct one. 


1. MULTIPLE CHOICE What is the 
equation of the line shown? 


@ 9x — 2y = —-18 
—9x — 2y = 18 
& 9x + 2y = 18 
@® 9x+ 2y = —-18 
Ee —-9x + 2y = —-18 
2. MULTIPLE CHOICE What is the y-intercept of 
the line —4x — Sy = 10? 
BD —20 —4 


©-- ®Ds 
CE) 20 


3. MULTIPLE CHOICE Write the equation 
3x — 4y = 20 in slope-intercept form. 


3 
@y=-7-5 


@® y=-Hts 


3 
® y=pr-5 
@D y=pts 
&® y=20-3x 


4. MIULTIPLE CHOICE Find the slope of the line 
passing through the points (1, 2) and (2, 1). 


@D 1 BD 3 
© 2 ® -1 
& -2 


Chapter Standardized Test 


rp) TEST-TAKING STRATEGY Read all of the answer choices before deciding which is the 


5. MULTIPLE CHOICE What is the 


slope of the line shown? 


<> 


. MULTIPLE CHOICE What is the slope of the 


graph of the equation 5x — y = —2? 


@D —5 B® 5 
© 1 @® -2 
& 2 


. MULTIPLE CHOICE Which point does not lie 


on the graph of x = —12? 


f@ (-12, 0) 

(=12,,—12) 

cS) (—12,,1) 

Cm) {—1,—12) 

Ce (-12, 12) 
. MULTIPLE CHOICE What is the x-intercept of 
—13x — y = —65? 

@ —65 =5 

© 0 ® 5 

© 65 


. MULTIPLE CHOICE Find the value of 


f(x) = —x* — 6x — 7 whenx = —2. 
@ —23 =15 

© 1 @®D 7 

Ce) I 
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QUANTITATIVE COMPARISON In Exercises 10-12, choose the statement 
below that is true about the given numbers. 


C@) The number in column A is greater. 
The number in column B is greater. 
©) The two numbers are equal. 


@) The relationship cannot be determined from the given information. 


Column A Column B 


The slope of the line through 
(4, —3) and (—12, —3) 


The slope of the line through | The slope of the line through 
(4.5, 6) and (—7, 4) C6, 4.5) and (4, —7) 

The slope of the line through | The slope of the line through 
(3.5, y) and (6.8, 4) (3.5, qg) and (6.8, 4) 


13. MMULTI-STEP PROBLEM An Internet provider offers three different levels 
of monthly service. 


Standard: $10 for the first 10 hours and $1 for each additional hour. 
Upgrade: $15 for the first 20 hours and $1 for each additional hour. 
Unlimited: $20 per month with no hourly charge. 


a. Tell whether each graph represents Standard, Upgrade, or Unlimited 
service. Explain your reasoning. 


Internet Service Internet Service Internet Service 


—s 
7) 
— 
<= 
=) 
s 
= 
2 
77) 
3 
3 
= 
= 
=| 
= 
6 


Monthly cost (dollars) 
Monthly cost (dollars) 


10 20 * 
Time (hours) 


10 20 * 
Time (hours) 


Time (hours) 


b. Write an equation for the total cost T per month for Upgrade service as a 
function of the number of additional hours used b. 


c. If you use the Internet 13 hours per month, which service will cost the 
least? Explain. 


d. If you use the Internet 24 hours per month, which service will cost the 
least? Explain. 


e. The equation C = 10 + a gives the total cost C per month for Standard 
service as a function of the number of additional hours used a. Explain 
how this model is different from the one you labeled Standard in part (a). 


Chapter Standardized Test 


WRITING LINEAR 
EQUATIONS 


270 


APPLICATION: Archaeology 


use radiocarbon 
dating to estimate the age of an 
artifact. To do this, they use an 
instrument to measure the 
amount of carbon-14 remaining 
in a sample. 


In Exercises 1-3, use the graph below. 


<x 
4000} 


Radiocarbon dating 


\y 
w4 


6000 4000 2000 2000 
Calendar year < BC. AD. > 


1. What calendar year corresponds to an artifact 
that has a radiocarbon age of 7000? 


2. What is the radiocarbon age of an object from 
4000 B.C.? 


3. For which calendar years does radiocarbon 
dating produce the most accurate results? 


You will learn more about archaeological 
dating in the Math & History on p. 306. 


) Visit www.mcdougallittell.com 
~~ for more information about archaeology. 


Y 


ye 
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Stud 


What’s the chapter about? 


Chapter 5 is about writing different forms of linear equations. You’!] learn 


¢ three forms of linear equations. 

* to write a linear equation given a slope and a point, or given two points. 
* to write an equation of a line perpendicular to another line. 

* to fit a line to data and use linear interpolation or linear extrapolation. 


KEY VOCABULARY 


> Review > New 
* scatter plot, p. 204 * slope-intercept form, p.273  — ° standard form, p. 308 


* x-intercept, p. 218 * best-fitting line, p. 292 * linear interpolation, p. 318 
* y-intercept, p. 218 * correlation, p. 295 * linear extrapolation, p. 318 
* slope, p. 226 * point-slope form, p. 300 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Solve the equation. (Review Example 3, p. 155) 


[aaa 1. A(x + 8) = 20x 2.2x+2=3x—8 3.9a=4a—-24+a4 
Study Tip 


“Student Help” boxes Plot the ordered pairs in a coordinate plane. (Review Example 1, p. 203) 


throughout the chapter _ i 
ius aici) tips ait 4. A(S, —7), B(—6, —8), C(—9, 0) 5. A(s, —5), BU,,3),C-2, 0) 
_ tell ue ula a Find the x-intercept and the y-intercept in the equation. Graph the line. 
Sate ee pu SOO (Review Example 2, p. 219 ) 
and on the Internet. 
6. 4x + Dy = 18 7. —x — Sy = 15 + 2x 8. —6x — 2y = 8 


Here’s a study 


STUDY 2 
strategy! Practice Tet 


Writing and taking a practice test are 900d ways to 
determine how réady you are for an actual test 
Review the chapter. Create a test and exchange it 
with a classmate. After taking the tests, correct and 
discuss them. You should study any topice that gave 


you difficulty. 


Chapter 5 


_ What you should learn 
Use the slope- 


intercept form to write an 
equation of a line. 


Model a real-life 


situation with a linear 
function, such as the 
population of California in 
Example 3. 


Why you should learn it 


V To model real-life 
situations, such as finding the 
cost of renting a bicycle 


[ Study Tip 


In Example 2, you can 
also find the slope of the 
line by reading the 
graph. 
tise _ 4 
run 2 


=2 


Writing Linear Equations in 
Slope-Intercept Form 


PGOAL 1) USING SLOPE-INTERCEPT FORM 


Ree R ERR RRR EERE EEE EEE E EE EERE EEE EE SEER EEE EEE EEE EESEE EEE EEE EEE EEEEEEEEEEEEEEEE EEE EEE EEE EEEEES 


In this lesson you will learn to write an equation of a line using its slope and 
y-intercept. To do this, you need to use the slope-intercept form of the equation 
of a line. 


y = mx + b <—— Slope-intercept form 


In the equation, m is the slope and b is the y-intercept. Recall that the y-intercept 
is the y-coordinate of the point where the line crosses the y-axis. 


EXAMPLE 1 ] Writing an Equation of a Line 


Write an equation of the line whose slope m is —2 and whose 
y-intercept b is 5. 


SOLUTION 
You are given the slope m = —2 and the y-intercept b = 5. 
y=mxt+b Write slope-intercept form. 


y= -2x+5 Substitute —2 for mand 5 for b. 


EXAMPLE 2 ] Writing an Equation of a Line from a Graph 


Write an equation of the line shown in the graph. 


SOLUTION 

The line intersects the y-axis at (0, —4), 
so the y-intercept b is —4. The line also 
passes through the point (2, 0). Find the 
slope of the line: 


_ rise —4—-0_ —-4 _ 
m 


run 0-2 —2 2 


Knowing the slope and y-intercept, you can 
write an equation of the line. 


y=mx+b Write slope-intercept form. 
y = 2x + (-4) Substitute 2 for mand —4 for b. 


y=2x-4 Simplify. 


5.1. Writing Linear Equations in Slope-intercept Form 


FOCUS ON 
APPLICATIONS 


P. Sana 
Je POPULATION 
a para in 1990 
California had a population 
of about 29.76 million. During 
the next 15 years, the state’s 
population was expected to 
increase by an average of 
about 0.31 million people per 
year. 

> Source: U.S. Bureau of the 
Census 


[ Look Back 


For help with 
graphing linear 
equations, see p. 219. 


PGOAL 2) MODELING A REAL-LIFE SITUATION 


In Lesson 4.8 you saw examples of linear functions. 
f(x) = mx + b <—— Linear function 


A linear model is a linear function that is used to model a real-life situation. In a 
linear model, m is the rate of change and b is the initial amount. In such models, 
sometimes line graphs can be used to approximate change that occurs in discrete 
steps. 


T EXAMPLE 3 } A Linear Model for Population 


POPULATION CHANGE Linear functions can approximate population change. 


a. Write a linear equation to approximate the expected population of California 
in any year between 1990 and 2005. Use the information below the photo. 


b. Use the equation to predict the population of California in 2005. 


SOLUTION 
a. VERBAL California _ 1990 Increase}, Years 
MODEL Population Population per year| since 1990 
+ a | 

Lasets California Population = P (million people) 
1990 Population = 29.76 (million people) 
Increase per year = 0.31 (million people per year) 
Years since 1990 = ¢ (years) 

Atcesraic P = 29.76 + 0.31° ¢ Linear model 
MODEL 


UNIT ANALYSIS Check that people are the units in the algebraic model: 


people 
eople = people + ———» 
peop peop “year” 
b. When ¢ = 15, the ] 
year will be 2005. a ia 
: : ar) 
Substitute in your 5 30 5, 34.41) 
equation. = : 
P= 29.76 +0.31(15) — § 2 
= 29.76 + 4.65 Si 
So 
= 34.41 1 


0 2 4 6 8 10 12 14 t 


> In 2005 the | 
population will be 1 
about 34.4 million 
people. The graph 
represents this prediction. 


| aes ; 
_ Years since 1990 
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Bi Ye G@TVTTEED A Linear Model for Telephone Charges 
a. 2 


You can approximate collect telephone call charges using a linear function. 


a. Write a linear equation to approximate the cost of collect telephone calls. Use 
the information shown on the telephone bill to create your model. 


b. How much would a 9-minute collect telephone call cost? 


Date Time AreaNumber Ist Min. Rate Add'l| Min Amount 
Jan 7 857PM 360555-1829 $3.44 $0.24 4 $4.40 
Jan 16 558PM 360 555-1829 $3.44 $0.24 al $3.68 
Jan 17 837PM 360 555-1829 $3.44 $0.24 17 S752 
Jan 22 601PM 360 555-1829 $3.44 $0.24 9 $5.60 
Feb 3 859PM 360 555-1829 $3.44 $0.24 10 $5.84 


SOLUTION 
Total Cost Rate per Number of 
a Pian ota! —| for first| + | additional|- additional 
cost . A ; 
minute minute minutes 

LABELS Total cost = C (dollars) 
Cost for first minute = 3.44 (dollars) 
Rate per additional minute = 0.24 (dollars per minute) 
Number of additional minutes = ¢ (minutes) 

Atcesraic C = 3.44+ 0.24: ¢ Linear model 
MODEL 


UNIT ANALYSIS Check that dollars are the units in the algebraic model: 


dollars 


dollars = dollars + = * mint 


b. A 9-minute call would involve 
8 additional minutes. Substitute | fe 
in your equation. 


C =3.444+ 0.24°t 


‘Total cost (dollars), 
ay 


= 3.44 + 0.24(8) 
= 5.36 : 
> A 9-minute call would cost i—t 0 


0 4 8 12 16 t 
Number of additional minutes 


$5.36. The graph represents 
this prediction. 


5.1. Writing Linear Equations in Slope-intercept Form 


GUIDED PRACTICE 


Vocabulary Check J 1. Is 5 the x-intercept or the y-intercept of the line y = 3x + 5? Explain. 
Concept Check J 2. Describe the rate of change in the context of Example 3 on page 274. 
Write an equation of the line in slope-intercept form. 


Skill Check J 3. The slope is 1; the y-intercept is 0. 4. The slope is —7; the y-intercept is 4 


5. The slope is —1; the y-intercept is 3. 6. The slope is —2; the y-intercept is 0. 
7. The slope is —3; the y-intercept is +: 8. The slope is 4; the y-intercept is —6. 


% RENTING A BIKE Suppose that bike rentals cost $4 plus $1.50 per hour. 
9. Write an equation to model the total cost y of renting a bike for x hours. 
10. Graph the equation. Label the y-intercept. 


11. Use the equation to find the cost of renting a bike for 12 hours. 


PRACTICE ano APPLICATIONS 


COCO O RHEE E HEHE EE EE EEE EEE EE EHE EEE EEE EEE EE EEE EEE EEEEE EEE EE EEEEEEEEEE EEE EEE EEE EEEE EEE EEEEEE EEE EE EEE EEEEE EEE EEEEEEEEEEEHEEEEEEEE 


_ aaa WRITING EQUATIONS Write an equation of the line in slope-intercept form. 
Extra Practice 12. The slope is 3; the y-intercept is —2. 13. The slope is 1; the y-intercept is 2. 
to help you master 


skills is on p. 801. 14. The slope is 0; the y-intercept is 4. 15. The slope is 2; the y-intercept is —1. 


16. The slope is =: the y-intercept is 3. 17. The slope is 5 the y-intercept is 1. 


18. The slope is —6; the y-intercept is + 19. The slope is —3; the y-intercept is -5. 


GRAPHICAL REASONING Write an equation of the line shown in the graph. 


‘i HOMEWORK HELP 


Example 1: Exs. 12-19 
Example 2: Exs. 20-25 
Example 3: Exs. 26, 27 
Example 4: Exs. 28, 29 
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N, 
R $25) HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 34-37. 


% SOUTH CAROLINA POPULATION In Exercises 26 and 27, use the following 
information. In 1990 the population of South Carolina was approximately 
3,486,000. During the next five years, the population increased by approxi- 
mately 37,400 people per year. 


NE; 
ee) DATA UPDATE of U.S. Bureau of the Census data at www.mcdougallittell.com 


26. Write an equation to model the population P of South Carolina in terms of f, 
the number of years since 1990. 


27. Estimate the population of South Carolina in 1996. 


% RENTING A MOVING VAN In Exercises 28 and 29, a rental company 
charges a flat fee of $30 and an additional $.25 per mile to rent a moving van. 


28. Write an equation to model the total charge y (in dollars) in terms of x, the 
number of miles driven. 


29. Copy and complete the table using the equation you found in Exercise 28. 


Miles (n 


Cost (y) ? 
§% UNIT ANALYSIS In Exercises 30-32, write a linear equation to model 
the situation. Use unit analysis to check your model. 
30. You borrow $40 from your sister. To repay the loan, you pay her $5 a week. 
31. Your uncle weighed 180 pounds. He has lost 2 pounds a month for 8 months. 


32. You have walked 5 miles on a hiking trail. You continue to walk at the rate of 
2 miles per hour for 6 hours. 


33. “} TRAVELING HOME You are traveling home in a bus whose speed is 50 
miles per hour. At noon you are 200 miles from home. Write an equation that 
models your distance y from home in terms of t, the number of hours since 
noon. Why does the line given by this equation have a negative slope? 


% FUNDRAISING In Exercises 34-37, you are designing a calendar as a 
fund-raising project for your Biology Club. The cost of printing is $500, plus 


$2.50 per calendar. 
34. Write an equation to model the total cost C | | Calendar Sales | 
of printing x calendars. 


35. You sell each calendar for $5.00. Write 
an equation to model the total income T 
for selling x calendars. 


36. Graph both equations in the same zt °0 100 200 300 400 
coordinate plane. Estimate the point ms 
at which the two lines intersect. Explain "Number of calendars 


the significance of this point of intersection 
in the context of the real-life problem. 


37. ANALYZING DATA You estimate the club can sell 
200 calendars. Write an analysis of how effective this 


fundraising project will be for the club. 
BIOLOGY CLUB 
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Test % FLORIDA POPULATION In Exercises 38 and 39, use the following information. 
Preparati on The U.S. Bureau of the Census predicted that the population of Florida would be 
about 17.4 million in 2010 and then would increase by about 0.22 million per 
year until 2025. 


38. IIULTIPLE CHOICE Choose the linear model that predicts the population P 
of Florida (in millions) in terms of t, the number of years since 2010. 


CG P = 17At + 0.22 P = —0.22t + 17.4 
© P=0.22t+ 17.4 CD) P = —17.4t + 0.22 


39. MIULTIPLE CHOICE According to the correct model, the population of 
Florida in 2011 will be about _?_ million. 


@® 17.18 3.8 & 17.62 @® 39.4 


* Challenge 40. % CLASS SiZE In January, your ceramics class begins with 12 students. In 
every month after January, three new students join and one student drops out. 


a. Write a linear equation to model the situation. 


b. Graph the model, 
www.mcdougallittell.com c. Predict the size of your ceramics class in May and June. 


MIxeD REVIEW 


COPE EEOEE EEE EEE EEE EEE EEE EEE EEE EEE HEHEHE EE EEEEEE EEE HEHE EEE EEE EEE EEE EE EEE EE EEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


EVALUATING EXPRESSIONS Evaluate the expression when x = —3 and 
y = 6. (Review 2.7) 


2 
+ 
— 42, 43,>—* 


a "“x+2 x 


% SCHOOL NEWSPAPER You are designing a newspaper page with 
three photos. The page is 134 inches wide with 1 inch margins on both 


sides. You need to allow ~ inch between photographs. How wide should 


you make the photos if they are of equal size? (Review 3.5) 
44. Sketch a diagram of the newspaper page. 
45. Write an equation to model the problem. Use the diagram to help. 


46. Solve the equation and answer the question. 


% WINDSURFING Match the description with the linear model y = 10 or 
the linear model y = 10x. Graph the model. (Review 4.2) 


47. You rent a sailboard for $10 per hour. 
48. You rent a life jacket for a flat fee of $10. 


GRAPHING LINEAR EQUATIONS Find the slope and the y-intercept of the 
graph of the equation. Then graph the equation. (Review 4.6 for 5.2) 


49.y+ 2x =2 50. 3x —y=-—5 51. 2y — 3x = 6 
52. 4x + 2y =6 53. 4y + 12x = 16 54. 25x — 5y = 30 
55.x + 3y = 15 56. x + 6y = 12 57.x—y=10 
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Writing Linear Equations 
Given the Slope and a Point 


@Q@) usinc swore anv a Point ON A LINE 


_ What you ee NT a. .ascscusnsencnsecnecenssvonencocncneceossecneneneesecsesececsesseenenscesscecsensocesacecoseseneseeses 


Use slope and any = In Lesson 5.1 you learned how to write an equation of a line when given the 
point on a line to write an slope and the y-intercept of the line. You used the slope-intercept form of the 
pauanonyeimieaine: equation of a line, y = mx + b. 


pee ingarinade! In this lesson you will learn to write an equation of a line when given its slope 


to make predictions about a oH eae ea dhelmn 
real-life situation, such as SE DOs 


the number of vacation trips 
in Example 3. 


Why you should learn it LEXAMPLE 1) Writing an Equation of a Line 


VY To model a real-life 
situation, such as finding 
the total cost of a taxi ride 


Write an equation of the line that passes through the point (6, —3) and has a 
slope of —2. 


SOLUTION 
Find the y-intercept. Because the line has a slope of m = —2 and passes through 
the point (x, y) = (6, —3), you can substitute the values m = —2, x = 6, and 
y = —3 into the slope-intercept form and solve for b. 
y=mx+b Write slope-intercept form. 


—3 = (2)(6) +b Substitute —2 for m, 6 for x, and —3 for y. 
-3=-12+5b Simplify. 


9=b Solve for b. 


The y-intercept is b = 9. 
Write an equation of the line. Because you now know both the slope and the 
y-intercept, you can use the slope-intercept form. 

y=mxt+b Write slope-intercept form. 

y=-2x+9 Substitute —2 for mand 9 for b. 


J CHECK You can check your result 
by graphing y = —2x + 9. 


Note that the line crosses the y-axis at 
the point (0, 9) and passes through the 
given point (6, —3). 


You can count the number of units in 
the rise and the run to check that the 
slope is —2. 


5.2 Writing Linear Equations Given the Slope and a Point 


WRITING AN EQUATION OF A LINE GIVEN ITS SLOPE AND A POINT 


STEP @ First find the y-intercept. Substitute the slope m and the 
coordinates of the given point (x, y) into the slope-intercept 
form, y = mx + b. Then solve for the y-intercept b. 


STEP ®@ Then write an equation of the line. Substitute the slope m and 
the y-intercept b into the slope-intercept form, y = mx + b. 


EXAMPLE 2 ] Writing Equations of Parallel Lines 


_ ee Two nonvertical lines are parallel if and only if they have the same slope. Write 
Look Back an equation of the line that is parallel to the line y = Sx — 2 and passes through 
For help with parallel ; 
lines, see p. 242. the point (—2, 1). 
SOLUTION 


@ The given line has a slope of m = < Because parallel lines have the same 
slope, a parallel line through (—2, 1) must also have a slope of m = é 
Use this information to find the y-intercept. 


y=mx+b Write slope-intercept form. 


1= 4-2) +b Substitute 2 tor m, —2 for x, and 1 for y. 


l= -$ +b Simplify. 
z =b Solve for b. 


The y-intercept is b = x 


® Write an equation using the slope-intercept form. 


y=mxtb Write slope-intercept form. 
yr Sx ae z Substitute 2 tor mand : for b. 
JV CHECK You can check your result graphically. The original line y = 2x = 2 
: 2. 7 
is parallel to y = 3x + 3 


This line is parallel to 


the original line, and — TOW 
passes through (—2, 1). =r 


NE; 
Le 3, HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


Chapter 5 Writing Linear Equations 


FOCUS ON 
APPLICATIONS 


ws 


favorite vacation 
destination is Washington, 
DC, with 22 million visitors in 


1997. > Source: Washington DC 
Convention and Visitors 
Association 


5 VACATIONS One 


PGOAL 2) WRITING AND USING REAL-LIFE MODELS 


GIVE Writing and Using a Linear Model 


VACATION TRIPS Between 1985 and 1995, the number of vacation trips in the 
United States taken by United States residents increased by about 26 million per 
year. In 1993, United States residents went on 740 million vacation trips within 
the United States. ae DATA UPDATE of Travel Industry of America at www.mcdougallittell.com 


a. Write a linear equation that models the number of vacation trips y (in 
millions) in terms of the year t. Let t be the number of years since 1985. 


b. Estimate the number of vacation trips in the year 2005. 


SOLUTION 
a. The number of trips increased by about 26 million per year, so you know the 
slope is m = 26. You also know that (t, y) = (8, 740) is a point on the line, 
because 740 million trips were taken in 1993, 8 years after 1985. 


y=mt+b Write slope-intercept form. 
740 = (26)(8) + b Substitute 26 for m, 8 for t, and 740 for y. 
740 = 208 + b Simplify. 
532 =b The y-intercept is b = 532. 


Write an equation of the line using m = 26 and b = 532. 
y=mtt+b Write slope-intercept form. 
y = 26t + 532 Substitute 26 for m and 532 for b. 


b. You can estimate the number of vacation trips in the year 2005 by 
substituting t = 20 into the linear model. 


y = 26t + 532 Write linear model. 
= 26(20) + 532 Substitute 20 for t 
= 1052 Simplify. 


> You can estimate that 
United States residents will 


| 


take about 1052 million Liem ey ia 
vacation trips in the E900 a 
year 2005. A graph can 2 800 
help check this result. The = 700 
line goes through = 600 
(20, 1052). i E}-500 

2 400 

+ + + (0) 


0 2 4 6 8 10 12 14 16 18 20 22 24 ¢ 


Years since 1985 


5.2 Writing Linear Equations Given the Slope and a Point 


GUIDED PRACTICE 


Vocabulary Check A 1. Two nonvertical lines that have the same slope must be _? . 
Concept Check Yi 2. Explain how to find the equation of a line given its slope and a point on 
the line. 


Skill Check JY Write an equation of the line that passes through the point and has the 
given slope. Write the equation in slope-intercept form. 


3. (3, 4),m = 4 4. (2, —4),m = —5 5. (10, 10), m = 


6. (—12, 2), m = —2 7. (4, 8), m=5 8. (0, —5),m =0 


wt 


Write an equation of the line that is parallel to the given line and passes 
through the point. 


8. y= prt 8,(-6,4) 10. y= —3x — 3,4, -3) 


11. 4 BANKING Christina has her savings in a bank account. She withdraws 
$8.25 per week from her account. After 10 weeks, the balance is $534. Write 
an equation that models the balance y of Christina’s account in terms of the 
number of weeks x. Do not consider any interest earned by the account. 


PRACTICE anp APPLICATIONS 


WRITING EQUATIONS Write an equation of the line that passes through the 
Extra Practice point and has the given slope. Write the equation in slope-intercept form. 
to help you master 12. (1, 4), m = 3 13. (2, —3),m = 2 14. (—4, 2),m = —-1 
skills is on p. 801. 

15. (1, —3),m = —4 16. (—3, —5),m = —2 17. (1,3),m=4 

18. (2, 5),m = 19. (—3, 2), m = 4 20. (0, 2), m = 3 

21. (0, —2),m = 4 22. (3, 4),m = 0 23. (—2, 4),m =0 


GRAPHICAL REASONING Write an equation of the line shown in the graph. 


& HOMEWORK HELP 


Example 1: Exs. 12-29 
Example 2: Exs. 32-41 
Example 3: Exs. 42-45 


Chapter 5 Writing Linear Equations 


USING x-INTERCEPTS Write an equation of the line that has the given 
x-intercept and slope. 


30. x-intercept = 2, m = ae 


3 31. x-intercept = 4, m = 3 


PARALLEL LINES Write an equation of the line that is parallel to the given 
line and passes through the given point. 


32. y = 2x + 2,3, 2) 33. y=x+ 4, C2,0) 34. y = —2x + 3, (4, 4) 
35.y=—3x+1,(4,2) 36y= ox -2,(2,1)  37.y=—4x- 1,41) 


38. y= —4x — 2, (5,3) 39. y= 6x + 9,6,—3) 40. y= —9x — 8, (7, —2) 
41. CONNECTION AB is part of = a 
a line with a slope of >. To begin to 


draw a parallelogram, you want to draw 
a line parallel to AB through point C. 
Write an equation of the line. 


% POPULATION In Exercises 42 and 43, use the following information. 


In 1991, the population of Kenosha, Wisconsin, was 132,000. Between 1991 and 
1996, the population of Kenosha increased by approximately 2000 people per 
year. > Source: U.S. Bureau of the Census 


wi Lake 
Michigan 42. Write an equation that models the population y of Kenosha in terms of x, 

Madison MI where x represents the number of years since 1991. 

e 
Kenosha Lansing 43. Use the model to estimate the population of Kenosha in 2006. 

IL i ee : 
Chica % SALARY In Exercises 44 and 45, use the following information. 
| IN At the start of your second year as a veterinary technician, you receive a raise of 
berecereee! 100 mi $750. You expect to receive the same raise every year. Your total yearly salary 
toma 100 km after your first raise is $18,000 per year. 
lL» Pat KENOSHA borders 


44. Write an equation that models your total salary s in terms of the number of 


Lake Michigan and . as 
years n since you started as a technician. 


originally had an economy 
dominated by the shipping 


rrilusiry 45. Calculate your yearly salary after six years as a veterinary technician. 


% CELLULAR RATES In Exercises 46 and 47, use the following information. 
You are moving to Houston, Texas, and are switching your cellular phone company. 
Your new peak air time rate in Houston is $.23 per minute. Your bill also includes a 
monthly access charge. For 110 minutes of peak air time your bill is $51.30. 


46. Write an equation that models the cost C of your monthly bill in terms of the 
number of minutes m used. (All of your minutes are during peak air time.) 


47. How much is your monthly bill for 60 minutes of peak air time? 


® Taxi RIDE In Exercises 48 and 49, the cost of a taxi ride is an initial fee 
plus $1.50 for each mile. Your fare for 9 miles is $15.50. 


48. Write an equation that models the total cost y of a taxi ride in terms of the 
number of miles x. 


49. How much is the initial fee? 


5.2 Writing Linear Equations Given the Slope and a Point 


Sr 
Test = 50. IIULTI-STEP PROBLEM After 6 weeks on a fitness program, Greg jogs 
Prep aration 35 miles per week. His average mileage gain has been 2 miles per week. 


a. Write an equation that models Greg’s weekly mileage m in terms of the 
number of weeks n that he stays on the program. 


b. When will Greg jog over 45 miles per week? 


c. Writing According to the equation, what will be Greg’s weekly mileage 
after 52 weeks? Do you think this is realistic? Explain. 


* Challenge 51. |) RENTING A CAR You are comparing the costs of car rental agencies for 
== a one-day car rental. Car Rental Agency A charges $30 a day plus $.08 per 
mile. Car Rental Agency B charges a flat fee of $40 a day. 


a. Write an equation in slope-intercept form that models the cost of renting a 
car from each car rental agency. 


b. Use a graphing calculator to graph the two equations on the same 
coordinate plane. 


c. Under what conditions would the cost of renting a car from either rental 
agency be the same? 


d. Under what conditions would the cost of renting a car from Car Rental 


Agency A be the best deal? Under what conditions would it be cheaper for 
www.mcdougallittell.com you to rent a car from Car Rental Agency B? 


MIxeD REVIEW 


™) EVALUATING EXPONENTIAL EXPRESSIONS Use a calculator to evaluate 
== the power. (Review 1.2) 


52. 5/ 53. 8 54, 9° 55. 3/7 

56. 2° 57. 4° 58. 84 59. 10+ 

60. 7° 61. 6° 62. 5!! 63. 9/3 

RULES OF ADDITION Find the sum. (Review 2.2) 

es ee ee 65.2 (-45) 66. -9+ 11 

67. —10 + (-1) 68. 2 + (—6) 69. —18 + (—2) 

70. 6 + (—8) — 4 14-7 45 72. 5 + (—3) + C5) 


FINDING SLOPE Find the slope of the line. (Review 4.4 for 5.3) 


Chapter 5 Writing Linear Equations 


Writing Linear Equations 
Given Two Points 


EERE ERR RRR E EEE EEE EE EEE EERE EEE EEE EE REESE EEE EEE EEE EEE EEE EEE EEE EE EEE EERE EE EEE EEE EEEE EEE EEEEES 


€QV@) usine Two Points To write AN Equation 
What. you should learn 


Write an equation So far in this chapter, you have been writing equations of lines for which you 
ofa line given two points on were given the slope. In this lesson you will work with problems in which you 
wie Hil must first find the slope. To do this, you can use the formula given in Chapter 4. 


Use alinear _ tise 2-1 
equation to model a real-life m= 
problem, such as estimating 
height in Example 3. 


Why POUND ea rinte P EXAMPLE 1) Writing an Equation Given Two Points 


YW To model a real-life 
situation, such as the 
distance an echo travels 


mai y= 2 <— Slope of a line through (x, y,) and (x, y) 


Write an equation of the line that passes through the points (1, 6) and (3, —4). 


across a canyon SOLUTION 
in Ex. 57. dikes @ Find the slope of the line. Let (x1, y;) = (1, 6) and (x, y.) = (3, —4). 
Bom 
— m= neues Write formula for slope. 
x27 x1 
a = — . Substitute. 
_-10_ etude 
see ae 5 Simplify. 


® Find the y-intercept. Let m = —5, x = 1, and y = 6 and solve for b. 
y=mx+b Write slope-intercept form. 
6 = (-5)(1) + b Substitute —5 for m, 1 for x, and 6 for y. 
6=-5+b Simplify. 
ll=b Solve for b. 


© Write an equation of the line. 
y=mxt+b Write slope-intercept form. 


y=—-5x+ 11 Substitute -5 for mand 11 for b. 


WA CHECK You can use a graph to check 
your work. Plot the two given points, 
(1, 6) and (3, —4), and draw a line 
through them. Then check that the line 
has a y-intercept of 11 and a slope of —5. 


5.3. Writing Linear Equations Given Two Points 


WRITING AN EQUATION OF A LINE GIVEN TWO POINTS 


STEP @ Find the slope. Substitute the coordinates of the two given 


VA VA 
XQ -— Xy 


points into the formula for slope, m = 


sTeP © Find the y-intercept. Substitute the slope m and the 
coordinates of one of the points into the slope-intercept form, 


_ y = mx + b, and solve for the y-intercept b. 
$3 HOMEWORK HELP 


4 Visit our Web site STEP € Write an equation of the line. Substitute the slope m and the 
www.mcdougallittell.com y-intercept b into the slope-intercept form, y = mx + b. 
for extra examples. 


T EXAMPLE 2 ] Writing Equations of Perpendicular Lines 


GEOMETRY CONNECTION Two 
different nonvertical lines are 
perpendicular if and only if their 
slopes are negative reciprocals of 
each other. 


a. Show that AB and BC are 
perpendicular sides of figure 
ABCD. 


b. Write equations for the lines 
containing AB and BC. 


SOLUTION 
a. Find the slopes. 
at eg UY 
Slope of AB: m= == 2 
— _ 0=(=3) 1 
Slope of BC: 2 — (4) => 


> AB and BC are perpendicular because 5 is the negative reciprocal of —2. 


b. Find the y-intercepts of the lines containing AB and BC. Substitute the slopes 
from part (a) and the coordinates of one point into y = mx + b. 


For AB For BC 
y=mx+b y=mx+b 
—3 = (-2)(-4) +b -3=(5)C4) +5 
==) -1=b 


Write an equation in slope-intercept form by substituting for m and b. 


Equation of line containing AB Equation of line containing BC 
y=mxt+b y=mx +b 
yo 2-11 y=gr-1 


Chapter 5 Writing Linear Equations 


FOCUS ON 
CAREERS 


ANTHROPOLOGIST 
Physical anthropologists 
examine bones from 
archaeological digs to 
investigate the height, 
weight, and diet of members 
of a culture. 


ASE, 
ip CAREER LINK 


www.mcdougallittell.com 


@Q2VO Mopeuine a REAL-LIFE SITUATION 


GEE Writing and Using a Linear Model 


ARCHAEOLOGY While working at an archaeological dig, you find an upper leg 
bone (femur) that belonged to an adult human male. The bone is 43 centimeters 
long. In humans, femur length is linearly related to height. To estimate the height 
of the person, you measure the femur and height of two complete adult male 
skeletons found at the same excavation. 


Person 1: 40-centimeter femur, 162-centimeter height 
Person 2: 45-centimeter femur, 173-centimeter height 


Estimate the height of the person whose femur was found. 


SOLUTION 


Write a linear equation to model the height of a person in terms of the femur 
length. Let x represent femur length (in centimeters) and let y represent the 
height of the person (in centimeters). 


Find the slope of the line through the points (40, 162) and (45, 173). 


_ 173 = 162 
45 — 40 

a 

= =22 


Find the y-intercept. 


y=mx+t+b Write slope-intercept form. 
173 = 2.2(45) + b Substitute for y, m, and x. 
74=b Solve for b. 


Write a linear equation. 


y=mxt+b Write slope-intercept form. 
y = 2.2x + 74 Substitute 2.2 for mand 74 for b. 
Estimate the height of the | 
person whose femur is Femur Length and Height | 
43 centimeters by 
substituting 43 for x in the y 
equation you wrote. iG 
os y= 2.2x +74 
y=2.2x + 74 S 
= -170 (45, 173) 
o 
y = 168.6 P= “ie (40, 162) 
150 
CNT 40 42° 44 7 460° 48 x 
> The person was about Femur length (cm) 
169 centimeters tall. 


5.3. Writing Linear Equations Given Two Points 


GUIDED PRACTICE 


COOP OT EEE EE EEE EEE EEE EEE EE EE EEE EE EEEE EEE EEEE EEE EEO EE EEE EEEEEOEEEEEEEEEEE EEE EEEEEEEEESEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEES 


Vocabulary Check J 1. Compare writing linear equations given the slope and a point with writing 
linear equations given two points. 


Concept Check J 2. Explain why you should find the slope m first when finding the equation of a 
line passing through two points. 


Skill Check / Give the slope of a line perpendicular to the given line. 


3.y= —4x+2 4.y=5x-3 5B.y=x-3 
Write an equation in slope-intercept form of the line shown in the graph. 


Write an equation in slope-intercept form of the line that passes through 


the points. 

9. (—1, 1), (4, 5) 10. (G3, —2), (6, 4) 11,.(-4,9).(-1,-7) 
12..(-2,5).(-6, =8) 13. (—8, —4), (4, 2) 14. Ae 9) 
15. (5, 3), (4, —3) 16. (6, —10), (—3, —8) 17. (12, 2), (7, 2) 


PRACTICE anp APPLICATIONS 


COPPER ERE EEE E EEE EEE E EEE EEE EEE EEE EEE EEE EEE EEE EEE EEEEHEE EEE EEE EE EEE EEE TEES EEE EEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


_ WRITING EQUATIONS Write an equation in slope-intercept form of the line 
Eira Practica shown in the graph. 


to help you master 
skills is on p. 801. 


GRAPHING Graph the points and draw a line through them. Write an 
equation in slope-intercept form of the line that passes through the points. 


21. (-1, —2), (2, 6) 22. (1, 4), (5, -1) 23. (-1, —2), (3, —2) 
acca 24. (2, 0), (—2, 6) 95. 2, —3)(-3 9) 26. (0, —5), (3, 4) 
eee ea 27. (6, —4), (-1, 2) 28. (-2, —1), (8, 8) 29. (1, 1), (7, 4) 
E le 2: Exs. 45-49 = _ _ A 
Sue 30. (2, 4), (1, —2) 31. (5, —6), (5, -3) 32. (-3, —5), (1, 9) 
33. (—5, 2), (6, 1) 34. (—6, 2), (4, 11) 35. (-1, 10), (12, —4) 


23838 Chapter 5 Writing Linear Equations 


SLOPE-INTERCEPT FORM Write an equation in slope-intercept form of the 
line that passes through the points. 


36. (6, —5), (1, 4) 37. (2, 3), (4, 3) 38. (5, =10), (12, =7) 
39. (14, —3),(-6,9) 40. (—7, 9), (-3, 8) 41. (—8, 9), (10, —3) 


1 2 1 _1) (1 3 = = 
42. (¢. a (-5, 2) 43. (4, 2). & 3 44. (—8.5, 6.75), (3.33, —9.75) 
45. PERPENDICULAR LINES Which of the lines are perpendicular? Explain. 


line p: y = 4x +2 line q:y = Sx — 4 liner: y = —5x + 3 


46. Write an equation of a line through (0, 2) that is perpendicular to y = —4x + 6. 
47. Write an equation of a line through (4, 5) that is perpendicular to y = ox +3. 


CONNECTION In Exercises 48-50, use the graph. 


48. Find the perpendicular sides of trapezoid 
WXYZ. How do you know mathematically 
that these sides are perpendicular? 


49. Write equations of the lines containing 
the perpendicular sides. 


50. Write equations of the lines containing 
the two parallel sides. How do you know 
these sides are parallel? 


2." CHUNNEL In Exercises 51 and 52, use the diagram of the Chunnel, a 
railroad tunnel built under the English channel. It is one of the most 
ambitious engineering feats of the 
twentieth century. 


51. Write an equation of the line from 
point A to point B. What is the slope 
of the line? 


52. Write an equation of the line from 
point C to point D. What is the slope of {0 


the line? Is the Chunnel steeper on the SS a } 
m 


French side or on the English side? 


Strait of Dover 


Height above sea level (meters) 


0 5 10 15 20 25 30 35 40 45 50 
Distance from Folkestone (in thousands of meters) 


5.3) Writing Linear Equations Given Two Points 


Test 3) 


Preparation 


* Challenge 


www.mcdougallittell.com 


ESET CONNECTION § In Exercises 53-55, use the following information. 
At sea level, the speed of sound in air is linearly related to the air temperature. 
If it is 35°C, sound will travel at a rate of 352 meters per second. If it is 15°C, 
sound will travel at a rate of 340 meters per second. 


53. Write a linear equation that models speed of sound s in terms of air 
temperature 7. 


54. How fast will sound travel at sea level if it is 25°C outside? 


55. If sound travels at a rate of 346 meters per second at sea level, what is the 
temperature? 


® ECHOES In Exercises 56 and 57, use the following information. 
You yell across a canyon. Your sound travels at a rate of 343 meters per second. 


56. Use your equation from Exercise 53 to determine the air temperature. 


57. After you shout, it takes 4 seconds to hear your echo. How far are you from 
the canyon wall? 


58. IULTIPLE CHOICE What is the equation of the line that passes through the 
points (7, 4) and (—5, —2)? 


59. IIULTIPLE CHOICE What is the equation of the line 


shown in the graph? iu 
@D y=S5xt ll B® y=5x-17 

dhe ae ee) 
QOy=sxts Dy Bt tS 


60. IVIULTIPLE CHOICE Choose which lines are perpendicular. 
Line p passes through (4, 0) and (6, 4) 
Line g passes through (0, 4) and (6, 4) 
Line r passes through (0, 4) and (0, 0) 
CAD line p and line g line p and line r 
© line g and line r @> none of these 
CRITICAL THINKING In Exercises 61-64, use a graph to determine whether 


the given three points seem to lie on the same line. If they do, prove 
algebraically that they lie on the same line and write an equation of the line. 


61. (—3, —1), (0.1), (12,9) 62. (4, —2), (—1, 2), (—8, 9) 
6a.(=2, $1), (3,2), 0.5) 64, (3; =3), (=|, 13), 1,3) 


65. What is an equation of the line that passes through the 


; 1 9 
points (35; 4) and =. -3)? 


Chapter 5 Writing Linear Equations 


MiIxeD REVIEW 


SIMPLIFYING EXPRESSIONS Simplify the expression. (Review 2.7) 


CESD Ra 56h 14x 

66, 7 ty 67, B22 Ss, =F 
SOLVING EQUATIONS Solve the equation. (Review 3.4) 

69. 4x — 11 = —31 70. 5x -—7+x=19 71,18 =4- = 
72. 2x —6 = 20 73. 4a + 85a =3 74, Ty =9y —8 


PLOTTING POINTS Plot the points in the table. Determine whether the 


slope of the line given by the points is positive or negative. (Review 4.1, 4.4 
for 5.4) 


1. 


Write an equation of the line that passes through the point and has the 
given slope. Write the equation in slope-intercept form. (Lesson 5.2) 


4. (—5,4),m =2 5. (2, 1), m= —3 6. (—3, —6),m = 1 


7. Find an equation of the line that is perpendicular to the line y = —x + 6 and 
passes through (—2, —4). (Lesson 5.3) 


Write an equation in slope-intercept form of the line that passes through 
the points. (Lesson 5.3) 


8.{8, =3), (3; =2) 9. 2,.4),-35,=7) 10. (4, 4), (-7, 4) 


% CANOE RENTAL In Exercises 11-13, suppose your family rents a canoe 
for a deposit of $10 plus $28 per day. (Lesson 5.1) 


11. Write an equation to model the total cost y of renting a canoe for x days. 
12. Graph the equation. Label the y-intercept. 


13. Use the equation to find the cost of renting a canoe for 3 days. 


5.3. Writing Linear Equations Given Two Points 


What. you should learn 
Find a linear 


equation that approximates 
a set of data points. 


cy Determine 


whether there is a positive 
or negative correlation or no 
correlation in a set of real- 
life data, like the Olympic 
data in Example 3. 


Why you should learn it 


To investigate trends in real- 
life data and to make predic- 
tions such as future football 
salaries in Exs. 23 and 24. 


Fitting a Line to Data 
PGOAL 1) FITTING A LINE TO DATA 


ARERR Ree EERE eR EERE EEE EERE R EERE EERE EE EEE EEE EEE EE EEE EEE EEE EEEEEEE EEE EERE EE EEE EEE EEE EE EEE EEEEES 


In this lesson you will learn how to write 
a linear model to represent a collection 
of data points. 


Usually there is no single line that 
passes through all of the data points, so 
you try to find the line that best fits the 
data, as shown at the right. This is called 
the best-fitting line. 


There is a mathematical definition of the best-fitting line that is called least 
squares approximation. Many calculators have a built-in program for finding the 
equation of the best-fitting line. Since least squares approximation is not part of 
Algebra 1, you will be asked to use a graphical approach for drawing a line that is 
probably close to the best-fitting line. 


m © ACTIVITY 


Developing 
Concepts 


With your group, use the 
following steps to approximate 
a best-fitting line. 


@ Carefully plot the following 
points on graph paper. 


(©) 313), (0: 3,9), (1p 4.2), (1 45), 
(1, 4:8), 2.4.7), (2, 5.1), G3, 4.9), 
(3, 5.6), (4, 6.1), (5, 6.4), (5, 7.1), 
(6, 6.8), (7, 7.5), (8, 7.8) 


® Use aruler to sketch the line that you think best approximates the data 
points. Describe your strategy. 


© Locate two points on the line. Approximate the x-coordinate and the 
y-coordinate for each point. (These do not have to be two of the original 
data points.) 


© Use the method from Lesson 5.3 to find an equation of the line that 
passes through the two points. 


Chapter 5 Writing Linear Equations 


ay T EXAMPLE 1 ] Approximating a Best-Fitting Line 
ology 


The data in the table show the forearm lengths and 


F Foot 
foot lengths (without shoes) of 18 students in an tenathe tenedi 
algebra class. After graphing these data points, 99 ein 5A.cin 
draw a line that corresponds closely to the data. 
Write an equation of your line. = = 
24 cm 24 cm 
SOLUTION hom 23 cm 
Let x represent the forearm length and let 25 cm 23 cm 
y represent the foot length. To begin, plot 18 cm 18 cm 
the points given by the ordered pairs. Then 20 cm 21cm 


sketch the line that appears to best fit the points. 23 om 99 en 


24 cm 25 cm 
20 cm 22 cm 
19 cm 19cm 
25 cm 25 cm 
23 cm 22 cm 
22 cm 23 cm 
18 cm 19 cm 
24 cm 23 cm 
21cm 24 cm 


Forearm and Foot Length 


(26, 26) 


| 
| 
| 
| 
| 


Foot length (cm) 


22 24 26 28 * 
Forearm length (cm) 


Next, find two points that lie on the line. You might choose the points (19, 20) 
and (26, 26). Find the slope of the line through these two points. 


m= ccm Write slope formula. 
Ag], 
_ 26 — 20 : 
m= 76 _ 19 Substitute. 
m= : Simplify. 
= 0.86 Decimal approximation. 


To find the y-intercept of the line, substitute the values m = 0.86, x = 19, and 
y = 20 in the slope-intercept form. 


| Study Tip y=mxt+b Write slope-intercept form. 


If you choose different 20 = (0.86)(19) + b Substitute 0.86 for m, 19 for x, and 20 for y. 
points, you might get a 

different linear model. Be 20 = 16.34 + b Simplify. 

sure to choose points 

that will give you a line 3.66 = b Solve for b. 

that is close to most of 

the points. > An approximate equation of the best-fitting line is y = 0.86x + 3.66. In 


general, if a student has a long forearm, then that student also has a long foot. 


5.4 Fitting a Line to Data 


FOCUS ON 
APPLICATIONS 


ws 


5 DISCUS EVENT 


The discus throw is 
one of the original Olympic 
events. New records for the 
distance an athlete can 
throw the discus continue to 


be set. 


T EXAMPLE 2 } Approximating a Best-Fitting Line 


DISCUS THROWS The winning Olympic discus Bian Winning 
throws from 1908 to 1996 are shown in the table. year throw 


After graphing these data points, draw a line that 1908 134.1 ft 


corresponds closely to the data. Write an equation 
148.3 ft 
of your line. 
146.6 ft 


SOLUTION 151.4 ft 


Let x represent the years since 1900. Let y 155.3 ft 
represent the winning throw. To begin, plot the 162.4 ft 
points given by the ordered pairs. Then sketch 165.6ft 
the line that appears to best fit the points. ; 
173.2. ft 


180.5 ft 
184.9 ft 
194.2 ft 
200.1 ft 
212.5 ft 
211.3 ft 
221.5 ft 
218.7 ft 
218.5 ft 
225.8 ft 
213.7 ft 
227.7 ft 


NED 
4 DATA UPDATE of 


0 : 
0 8 16 24 32 40 48 56 64 72 80 38 96x Information Please Almanac 
at www.mcdougallittell.com 


Winning Discus Throws 


-(96, 230) - 


= 
rf) 
° 
= 
S 
£ 
2 
a 


Years since 1900 


Next, find two points that lie on the line, such as (8, 138) and (96, 230). Find the 
slope of the line through these points. 
_ yo7 V1 _ 230-138 _ 92 

Xx X41 96-8 88 
To find the y-intercept of the line, substitute the values m = 1.05, x = 8, and 
y = 138 in the slope-intercept form. 


= 1.05 


m 


y=mx+b Write slope-intercept form. 
138 = (1.05)(8) + b Substitute 1.05 for m, 8 for x, and 138 for y. 
138 =84+b Simplify. 
129.6=b Solve for b. 


> An approximate equation of the best-fitting line is y = 1.05x + 129.6. In most 
years, the winner of the discus throw was able to throw the discus farther than 
the previous winner. 


Chapter 5 Writing Linear Equations 


PGOAL 2) DETERMINING THE CORRELATION OF X AND Y 


Correlation is a number r satisfying —1 = r = | that indicates how well a 
particular set of data can be approximated by a straight line. The Activity on 
page 299 shows how to find an r-value using a calculator. In this course you will 
describe a correlation without actually finding r-values, as described below. 


When the points on a scatter plot can be approximated by a line with positive 
by a line with negative slope, x and y have a negative correlation. When the 
points cannot be well approximated by a straight line, we say that there is 
relatively no correlation. 


Positive correlation Negative correlation Relatively no correlation 


GIVE Using Correlation 


In swimming events, performance is positively correlated with time. 


a. The two graphs show the winning 100-meter women’s freestyle swimming 
times and the winning women’s long jump distances for the Olympics from 
1948 through 1996. Which is which? Explain your reasoning. 


b. Describe the correlation of each set of data. 


FOCUS ON 
APPLICATIONS 


SB & AV OD od 
PPPS PS PS? 


Year 
> Source: /nformation Please Almanac > Source: Information Please Almanac 
- SOLUTION 
se FREESTYLE 
Ss SWIMMING Ina a. The first graph must represent the long jump distances because the winners 
freestyle swimming event, have tended to jump farther with each Olympic year. The second graph must 
the swimmer can choose represent the swimming times because the winners have tended to swim 


the stroke. Usually, the 


‘ faster with each Olympic year, so their times have been decreasing. 
swimmer chooses the 


Australian Crawl. b. The first graph shows a positive correlation between the year and the winning 
in APPLICATION LINK distance. The second graph shows a negative correlation between the year 
www.mcdougallittell.com and the winning time. 


5.4 Fitting a Line to Data 


GUIDED PRACTICE 


Vocabulary Check / 
Concept Check J 


Skill Check Y 


B Extra Practice 


to help you master 
skills is on p. 801. 


FE. HOMEWORK HELP 


Example 1: Exs. 10-16, 
23 

Example 2: Exs. 10-16, 
23 

Example 3: Exs. 17-22 


1. The line that most closely fits a set of data is called the _? . 
Draw a scatter plot of data that have the given correlation. 
2. Positive 3. Negative 4. Relatively no 


5. % DISCUS THROWS Predict the distance of the winning throw in the 
year 2005 from the data in Example 2. Explain your reasoning. 


Draw a scatter plot of the data. State whether x and y have a positive 
correlation, a negative correlation, or relatively no correlation. lf possible, 
draw a line that closely fits the data and write an equation of the line. 


FITTING LINES Copy the graph and draw a line that corresponds closely to 
the data. Write an equation of your line. 


FITTING LINES Draw a scatter plot of the data. Draw a line that 
corresponds closely to the data and write an equation of the line. 


Chapter 5 Writing Linear Equations 


L. ne HOMEWORK HELP 


x Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 23 and 
24. 


GRAPHICAL REASONING State whether x and y have a positive correlation, 
a negative correlation, or relatively no correlation. 


17. 


% FOOTBALL SALARIES 

In Exercises 23 and 24, use 
the following information. 
The median base salary for 
players in the National 
Football League from 1983 to 
1997 is shown in the scatter 
plot at the right. In the scatter 
plot, y represents the salary 
and x represents the number 


of years since 1980. 12 16 
Years since 1980 


Base salary 
(thousands of dollars) 


23. Find an equation of 
the line that you think > Source: National Football League Players Association 


closely fits the data. 


24. Use the equation from Exercise 23 to approximate the median base salary 
in the year 2010. 


jlo) Rel CONNECTION In Exercises 25-27, Sample Pupil Diameters 


use the following information. Age (years) Day Night 


| 20 | 47 | 80 
30 4.3 7.0 


As people grow older, the size of their pupils 
tends to get smaller. The average diameter (in 
millimeters) of one person’s pupils is given in 
the table. 


25. Draw a scatter plot of the day diameters 
and another of the night diameters. Let x 
represent the person’s age and let y 
represent pupil diameters. 


26. Find an equation of the line that closely fits 
the day and the night sets of data for 
pupil diameters. 


27. CRITICAL THINKING Do the two lines have the same slope? Explain your 
answer in the context of the real-life data. 


5.4 Fitting a Line to Data 


ExDd 
Test IMIULTI-STEP PROBLEM In Exercises 28-31, use the scatter plots. They show 
Preparation a library's annual book budget B and the average price P of a book. 


Library Book Budget Book Prices 


(dollars) 


— 
2) 
= 
GJ 

= 
o o 
os 

Ss = 

— a) 
2 wn 
x Ss 
oc 
aS 

ao 3 

(=) 
= 
~~ 
=> 


Average price per book 


8 10 12 ¢ 8 10 12 
Years after 1990 Years after 1990 


28. Find an equation of the line that you think best represents the library’s budget 
for purchasing books. 


29. Find an equation of the line that you think best represents the average price 
of a new book purchased by the library. 


30. Interpret the slopes of the two lines in the context of the problem. 


31. CRITICAL THINKING Suppose that you want to ask town officials to increase 
the library’s annual book budget. Use your results and the information above 
to write a letter that explains why the library budget should be increased. 


* Challenge ANALYZING DATA In Exercises 32-34, use the Book Prices scatter plot above. 


32. Explain why you would not want to choose the points for the years 1992 and 
1997 to write an equation that represents the data. 


33. Will choosing the two points that are the farthest apart always give you the 
closest line? Explain why or why not. If not, sketch a counterexample. 


34. Explain how to choose a good pair of points to find a line that is probably 
www.mcdougallittell.com close to the best-fitting line. 


MIxeD REVIEW 


COCO OREO THEE EE EEE EEE EE EEE EEE EEE EEEE EEE EEE EEE EEEEEEEEEE EEE EEE EEE EEE EEE EEE EEEEE EEE EEEEEE EEE SEES EEEEEEEEEEEEEEEEEEEEEEES 


HORIZONTAL AND VERTICAL LINES Decide whether the line is horizontal or 
vertical. Then graph the line. (Review 4.2) 


35. y = —2 36. y = 3 37.x=4 38.x = —5 


VISUAL REASONING Without calculating, state whether the slope of the 
line through the points is positive, negative, zero, or undefined. (Review 4.4) 


39. (1, 4), (3, 5) 40. (2, 5), (4, 1) 41. (6, 1), (3, 1) 42. (5, 2), (4, 3) 


WRITING EQUATIONS OF LINES Write an equation of the line that passes 
through the points. (Review 5.3 for 5.5) 


43. (2, 5), (6, 4) 44. (1, 4), (3, 7) 45. (3, 7), (7, 3) 46. (5, 2), (4, 3) 
47. (—3, 1), (4, —2) 48. (2, —3), (0, 4) 49. (6, 1), (3, —6) 50. (0, —6), (-1, 7) 
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ACTIVITY 5.4 


Using Technology 


Look Back 
For help with scatter 
plots, see p. 209. 


S73) KEYSTROKE 
HELP 

See keystrokes for 

several models of 

calculators at 

www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 5.4 


Best-Fitting Lines 


A graphing calculator can be used to find a best-fitting line. One way to 
tell how well a line fits a set of data is to look at the r-value. The closer 
the absolute value of ris to 1, the better the line fits the data. 


> EXAMPLE 


Use a graphing calculator to find the best-fitting line for the data. 
(38, 62), (28, 46), (56, 102), (56, 88), (24, 36), (77, 113), (40, 69), (46, 60) 


> SOLUTION 


@ Enter the ordered pairs into the 
graphing calculator. Make a 
scatter plot of the data. 


(2) Use linear regression to find the 
best-fitting line. Select L as the x 
list and L, as the y list. 


LinReg(axtb) L1,L2 


© The equation y = 1.49x + 3.85 
is the line of best fit with an 
r-value of approximately 0.95. 


4) Graph the equation 
y = 1.49x + 3.85 with 
the data points. 


LinReg 
y=axtb 
a=1.493804026 


b=3.84519132 
r=.9547610568 


y 
(a 


> The r-value of 0.95 is close to 1. The equation y = 1.49x + 3.85 fits the data 
points well. 


> EXERCISES 

Find the best-fitting line for the points. 
1. (0.1, 2.1), (1.0, 2.5), (2.2, 2.9), (2.9, 3.4), (4.0, 4.0), (4.9, 4.3) 
2. (31, 114), (40, 136), (49, 165), (62, 177), (70, 185), (78, 209) 


B.(05 0) 42) 3)5(2..3)(2.3-5),.(6.4).(3..4.5),.(4..9.5). (4510). 
(55,5) (SG) (95055) (G57) (628) (57:5) 


4. (0, 8), (1, 7.5), (1, 6), (2, 6.5), (2, 6), (3, 5.5), (3, 5), (4, 4), (4, 3.5), 
(553). (652-5), (65 2) (61S) (0) 


5.4 Technology Activity 


Point-Slope Form 
of a Linear Equation 


GYD usine te Point-S.ope Form 


What. you gs ee 


GD Use the point- In Lesson 5.2 you learned one strategy for writing a linear equation when given 
slope form to write an the slope and a point on the us a an lesson you will learn a different 
teeta alles strategy—one that uses the | orm of an equation of a line. 


GOAL 2) Use the point- 


slope form to model a real- 


life situation, such as running = @°FNTTITSEY Developing the Point-Slope Form 


pace in Example 3. 


Why you should learn it | Write an equation of the line. Use the points (2, 5) and (x, y). 


Y To estimate the real-life 
time it will take a mountain 
climber to reach the top of a 
cliff in Ex. 63. 


SOLUTION 

You are given one point on the line. Let (x, y) be any point on the line. Because 
(2, 5) and (x, y) are two points on the line, you can write the following expression 
for the slope of the line. 


—~=S 
~~ x—2 


Use formula for slope. 


The graph shows that the slope 1 is $ . Substitute 3 = for m in the formula for slope. 


yo5_2 ae al 
y=2 3 Substitute 3 2 tor m. 


y-5= es = 2) Multiply each side by (x - 2). 


The equation y — 5 = AG — 2) is written in point-slope form. 


POINT-SLOPE FORM OF THE EQUATION OF A LINE 


The point-slope form of the equation of the nonvertical line that passes 


through a given point (x,, y;) with a slope of mis 


Y- Y= mx — x). 


Chapter 5 Writing Linear Equations 


BNE, 
I 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


le Study Tip 


The point-slope form 
y-y, = m(x—x;,) has 
two minus signs. Be sure 
to account for these 
signs when the point 

(x;, ¥;) has negative 
coordinates. 


You can use the point-slope form when you are given the slope and a point on the 
line. In the point-slope form, (x,, y,) is the given point and (x, y) is any other 
point on the line. You can also use the point-slope form when you are given two 
points on the line. First find the slope. Then use either given point as (x;, yj). 


P EXAMPLE 2] Using the Point-Slope Form 


Write an equation of the line shown at the right. 


SOLUTION 
First find the slope. Use the points 
(xy, yy) = (=3 6) and (x, Yo) = (1, —2). 


pe 
X27 X1 
—2—6 
1 — (-3) 


=-2 
Then use the slope to write the point-slope form. Choose either point as (x,, y,). 
y —yy =m — x4) Write point-slope form. 


y—6= -2[x — (-3)] Substitute for m, x,, and y;. 


y—6= —2( + 3) Simplify. 
y—6=—-2x-6 Use distributive property. 
y= -2x Add 6 to each side. 


© ACTIVITY 


SOPHO EHH ESE HEHEHE EE EEE EEE EEE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEOOEEEEOE 


Developi amore ; 
Bune Investigating the Point-Slope Form 


The line shown at the right is labeled 
with four points. 


@ Each person in your group should 
use a different pair of points to 
write an equation of the line in 
point-slope form. 


® Compare the equations of the 
people in your group. Discuss 
whether the following statement 
seems to be always, sometimes, or 
never true. Any two points on a line 
can be used to find an equation of the line. 


5.5 Point-Slope Form of a Linear Equation 


GVO Moveuine a REAL-LIFE SITUATION 


TORRE EERE EERE EEE EERE EEE EEE EEE EERE EEE EE EEE HEHEHE EE EEE HEHEHE EEE EEE EEE HEHEHE EEE EEE HEHE EEE EEE EES 


Fee Tag GZVOEE) Writing and Using a Linear Model 


MARATHON The information below was taken from an article that appeared in a 
newspaper. 


SectionC 9 /) . 


WET 
Temperature Affects Running Speed - 00 
The best temperature for running is 19 o 
below 60°F. If a person ran optimally at y | 
% 


~ 


Lys 17.6 feet per second, he or she would 
ay LAMECK AGUTA slow by about 0.3 foot per second 
peer elt antiad for every 5° increase in temperature 
The high temperature on that QOS © 
day was 52° and the low 
temperature was 42°. 


~ 


<0 


~ 


a. Use the information to write a linear model for optimal running pace. 


b. Use the model to find the optimal running pace for a temperature of 80°F. 


SOLUTION 


a. Let T represent the temperature in degrees Fahrenheit. Let P represent the 
optimal pace in feet per second. 


From the article, you know that the optimal running pace at 60° F is 17.6 feet 
per second so one point on the line is (T;, P;) = (60, 17.6). Find the slope of 
the line. 
_ changeinP = —03 _ = 
changeinT 5 | 0.06. 


Use the point-slope form to write the model. 


P—P,=m(T —T,) Write point-slope form. 
P — 17.6 = (—0.06)(T — 60) Substitute for m, T,, and P,. 
P— 17.6 = —0.06T + 3.6 Use distributive property. 
P = —0.06T + 21.2 Add 17.6 to each side. 
b. Use the model to find the optimal pace Optimal Pace 
at 80°F. 
P = —0.06(80) + 21.2 
= 16.4 


b At 80°F the optimal running pace is 
16.4 feet per second. 


WA CHECK A graph can help you check 
this result. You can see that as the 
temperature increases the optimal 
running pace decreases. 


oe 
® 
a 
= 
® 
° 
© 
-5 


70 #680)6«690 T 
Temperature (°F) 
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GUIDED PRACTICE 


COCOA E EEE EEE EEE EEE EEE EEE EEE EEE EE EEE EEE EEE EEE EEEE EEE EEEEE EEE EEEE EEE EEEEE ESE EEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


Vocabulary Check JY 1. Name the following form of the equation of a line: y — y,; = m(x — x)). 
Concept Check J 2. What are the values of m, x,, and y, in the equation y — (—1) = 3(x — 2)? 


Skill Check 7 Write an equation of the line in point-slope form. 


Write an equation of the line in point-slope form that passes through the 
given point and has the given slope. 


6. (2, -1),m=3 7. 3,4),m = 8. (-5, —7),m = —2 
9. (—3, 10), m =4 10. (—2, —9),m = 4 11. (7, —7),m= —8 
Write an equation of the line that passes through the given points. 
12: (5,.12),.G, =2) 13. (—4, —1), (—9, 2) 14. (—17, —8), (-7, —4) 
15. (2, 12), (7, 2) 16. (3, —12), (8, 4) 17. (—4, —7), (2, 2) 


PRACTICE ano APPLICATIONS 


_ ae USING A GRAPH Write an equation of the line in point-slope form. 
Extra Practice 18 7 nl ee eS : y] La] 


to help you master 
skills is on p. 801. 


POINT-SLOPE FORM Write an equation in point-slope form of the line that 
passes through the given points. 


21. (1,5),(-1,.=39) 22. (-2,.=—9)07, =) 23. (—9, 10), (—4, —3) 
24. (4, —5), (—2, —7) 25. (—5, 10); (4, =2) 26; (35 —2),(=3, =8) 
214-29). -6. 8) 28. (—3, —7), (—4, —8) 29. (1, —7), (—1, —5) 


WRITING EQUATIONS Write an equation in point-slope form of the line that 


_ passes through the given point and has the given slope. 
HOMEWORK HELP 


Example 1: Exs. 18-20 30. (-1, —3), m=4 31. (—6, 2), m= -—S5 32. (—10, 0), m=2 
Example 2: Exs. 21-29 2 _ = = — = = 
Example 3: Exs. 57-61 33. (—8, —2),m = 2 34. (—4, 3),m 6 35. (—3, 4), m = 6 

36. (12,2), m= —7 37. (8, —1),m=0 38. (5, -12),m = —11 


5.5 Point-Slope Form of a Linear Equation 


COMPARING FORMS Write the point-slope form of the equation of the line 
that passes through the point and has the given slope. Then rewrite the 
equation in slope-intercept form. 


39. (1, 4),m=2 40. (—2, 4), m =3 41. (6, 2),m = 4 
42. (—3, -1),m=4 43. (5, -1),m=—-1 44. (—5, —5),m = —2 
45. (-1,1),m= -3 46. (4, —2),m= i 47. (—9, —6),m= -4 


WRITING EQUATIONS Write an equation of the line. 


WRITING EQUATIONS GIVEN TWO POINTS Write the point-slope form of 
the equation of the line that passes through the two points. 


51. (1, 3), (2, 5) 52. (=2, 3), 2; =3) ba. (7, =10), (15,.=22) 
54. (2, 6), (5, 1) 55. (—3, —4), (1, -1) 56. (4, —2), (—9, 5) 


% FIELD TRIP In Exercises 57-59, you are going on a trip to the Natural 
History Museum. At 9:00 A.M., you leave for the museum, which is 
120 miles away. At 10:15 A.M., you are 63 miles away from the museum. 


57. Write a linear equation that gives the distance d (in miles) from the museum 
in terms of the time ¢. Let ¢ represent the number of minutes since 9:00 A.M. 


58. Find the distance you are from the museum after you have traveled 2 hours. 


59. According to your equation, when will 
you reach the museum? 


_@ Boston 
®% TRAVEL In Exercises 60 and 61, you are : 


flying from Montreal to Miami in a plane. sa 
The plane leaves Montreal at 8:00 A.M. and Chicago 
at 9:15 A.M. is flying over Washington, DC. 


; New York City 
Washington, D.C. 


60. Use the map to write a linear equation 
that gives the distance y (in kilometers) 
remaining in the flight in terms of the 
number of minutes x since 8:00 A.M. 


e 
Atlanta 


61. When will you reach Miami? (Assume that 


‘ ; 1 = 450 k 
the plane is flying at a constant speed.) eee 


® MOouNnTAIN CLIMBING In Exercises 62 and 63, a mountain climber is 
scaling a 300-foot cliff at a constant rate. The climber starts at the bottom 
at 12:00 P.M. By 12:30 P.M., the climber has moved 62 feet up the cliff. 


62. Write an equation that gives the distance d (in feet) remaining in the climb in 
terms of the time f (in hours). What is the slope of the line? 


63. At what time will the mountain climber reach the top of the cliff? 
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Test €3> 
Preparation 


* Challenge 


MIxeD REVIEW 


64. MULTIPLE CHOICE The time ¢ (in hours) needed to produce x units of a 
product is modeled by t = px + s. If it takes 265 hours to produce 200 units 
and 390 hours to produce 300 units, what is the value of s? 


CAD 1.25 15 © 100 @) 125 


65. IIULTIPLE CHOICE What is the equation in 
point-slope form of the line in the graph? 


@ y—3 =3@- 0) 
y=3x+3 
@Qy- Fl) =36 =3) 
@® y—3 =3[x - (-1)] 
66. IVIULTIPLE CHOICE What is the equation in 


point-slope form of the line perpendicular to 
the line in the graph and through (2, —1)? 


@Ay=-xt+1 
yl) ==1G-2 
CG) y—4=-10+3) 
Dy =F 1)= 1G 2) 
Find the value of k so that the line through the given points has slope m. 
67. (2k, 3), (1, k); m = 2 68. (K+ 1,k — 1), (k, —k);m=k+1 
69. (k,k + 1), 3, 2); m = 3 70. (K+ 1,3 + 2k),(k-1,1-—k);m=k 


CHECKING SOLUTIONS OF INEQUALITIES Check whether the given number 
is a solution of the inequality. (Review 1.4) 


71, 2x < 24:8 72. 7y + 6= 10; 3 73. lop —9 =71;5 
74. 12a=a-—9;-2 75. 4x <= 28;7 76. 6c —4> 14;3 


GRAPHING FUNCTIONS Graph the function. (Review 4.8 for 5.6) 


77. f(x) = -—3x + 4 78. (x) = —x-—7 79. h(x) = 2x — 8 
80. f(x) = —5x —7 81. f(x) = 6x +7 82. f(x) = 3 — 7x 
83. g(x) = 5x —3 84. f(x) = 8x + z 85. h(x) = Sy +5 


86. % TEEN SURVEY Ina school of 500 teens, 40 have taken drum lessons. 
What are the odds that a randomly chosen teen has not taken drum lessons? 
(Review 2.8) 


87. CONNECTION A jar contains 10 blue marbles, 7 red marbles, 
and 4 yellow marbles. Without looking, you reach into the jar and choose 
one marble. What is the probability that the marble is red? (Review 2.8) 


5.5 Point-Slope Form of a Linear Equation 


Quiz 2 Self-Test for Lessons 5.4 and 5.5 
Copy the graph and draw a best-fitting line for the scatter plot. Find an 
equation of the line. State whether x and y have a positive correlation or 
a negative correlation. (Lesson 5.4) 


Write an equation in point-slope form of the line that passes through the 
given point and has the given slope. (Lesson 5.5) 


4. (1, -4),m=—1 5. (2,5),m=2 6. (-3, —2),m = —2 
1 


7. (-3, -3),m=0 8. (—6, 6), m = 5 9. (3,8), m=7 


Write an equation in point-slope form of the line that passes through the 
given points. (Lesson 5.5) 


10. (0,0), (—3, —1) 11. 4-5, =—2), (=6,.—2) 12, {=5,=3), (is6) 


< = a) APPLICATION LINK 
‘vi Archaeological Dating www.mcdougallittell.com 


BY THE MIDDLE OF THE TWENTIETH CENTURY, 
radiocarbon dating was being used to find the 8000 
ages of objects. During the 1950s, increasing 
differences emerged between the radiocarbon 
dates and the historical dates of civilizations. 


| NOW 4 TODAY, archaeologists calibrate tree ring dates 2 
with radiocarbon dates to accurately determine 4000 


the age of an object. 


‘Tree ring dating | 
Radiocarbon dating 


1. Radiocarbon dates calibrate well with tree 2000 
ring dates after approximately what year? 


2. Does radiocarbon dating produce calendar 
years that are earlier or later than those based 6000 4000 2000 2000 
on tree ring dating? Calendaryear <B.C. AD. > 


Modern archaeologists 
use a variety of dating 
methods. . 


A. E. Douglass 
? An excavation unearths uses tree rings to date 
pottery at Mesa Verde. Mesa Verde sites. 
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© ACTIVITY 5.6 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 
graph paper 


| nve st i g ati n g t iy e Group Activity for use with Lesson 5.6 
Standard Form of a Linear Equation 


> QUESTION How can you model possible combinations of two stocks 
you can buy with a limited amount of money? 


> EXPLORING THE CONCEPT 


Your social studies class is learning about the stock market. Each person in 
class “invests” up to $80 in either GFE stock, which costs $8 per share, or 
JIH stock, which costs $20 per share. 


1) Copy and complete the table. 


Number of GFE shares 


Number of JIH shares 


Total cost (dollars) 


2) Total costs that represent different 


combinations of the two stocks are 8 gf 
written at points on the graph. = 5 
Locate the values from your table = yk 
on the graph. 3 3 
(3) Find the cost of 5 shares of GFE 2 2f : 
stock and 2 shares of JIH stock. = ie ne ? a ae 
What does the red line on the Bk 3°45 a EW 
graph represent? | | | | | | Number of GFE shares | [ | 


4.) Write an equation of the line in 
slope-intercept form. 


> DRAWING CONCLUSIONS 


1. Each member of the group should copy the graph and choose a different 
amount to invest from the following list: $48, $64, $96, and $108. 


2. Draw a line that represents the combinations of stocks you can invest in using 
all of your money. Write an equation of the line in slope-intercept form. 


3. Use the verbal model below to write an equation that models the 
combinations of stocks you can buy using your investment amount as the 
total cost. 


GFE Number JIH Number Total 
stock |-| of GFE | + | stock |-| of JIH | = 
price shares price shares eos 


4. Whiting You have modeled your investments using a graph and two forms 
of equations. Compare the results of each person in the group. What do you 
notice about the lines? about the equations from Exercises 2 and 3? 


5.6 Concept Activity 


The Standard Form 
of a Linear Equation 


PGOAL 1) WRITING AN EQUATION IN STANDARD FORM 


W hat you should learn ARERR REE EERE REE EERE EEE EEE E HESS EEE EEEEE ESHEETS EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEE EES 


easeallibetr Most of the linear equations in this chapter are written in slope-intercept form. 
equation in standard form. 
Use the standard Slope-intercept form: y=mxt+b 


form of an equation to model 
real-life situations, such as 
the amount of food to 
purchase for a barbecue in 
Example 4. 


Another commonly used form is the standard form of the equation of a line. 
Standard (or general) form: Ax + By=C 


In this form, notice that the variable terms are on the left side of the equation and 
Why vou should learn it the constant term is on the right. A, B, and C represent real numbers and A and B 


: are not both zero. 
Vv To model real-life 


situations, such as buying = 
combinations of bird seeds om ACTIVITY 7 epesennansnn paenene eennas peeenenssnnaaenennd eennapeeennnns POOry 


in Exs. 64-66. Lin, 
= 


Developin tore a 
Goncese Investigating Forms of Equations 


@ Graph each of these equations. 
a. y = fx —2 b. —4x + 3y = —6 c. 4x — 3y = 6 


® Which, if any, of the equations are equivalent? How do you know? 


T EXAMPLE 1 | Writing an Equation in Standard Form 


Write y = 2x — 3 in standard form with integer coefficients. 


SOLUTION 


To write the equation in standard form, isolate the variable terms on the left and 
the constant term on the right. 


y= 25 —3 Write original equation. 


Sy = 5(2x _ 3) Multiply each side by 5. 
Sy = 2x — 15 Use distributive property. 
—2x + 5y = -15 Subtract 2x from each side. 


A linear equation can have more than one standard form. For instance, if you 
multiply each side of the standard form above by —1, you get 2x — 5y = 15, 
which is also in standard form. 
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_ ee P EXAMPLE 2] Writing a Linear Equation 
Look Back 


For help with solving 
linear equations, see 
p. 155. 


Write the standard form of an equation of the line passing through (—4, 3) with 
a slope of —2. 


SOLUTION 


You are given a point on the line and its slope, so you can write the point-slope 
form of the equation of the line. 


yyy = mx — x4) Write point-slope form. 
y—3= -2[x — (-4)] Substitute for y,, m, and x,. 
y—-3=-2@+ 4) Simplify. 
y—3=-2x-8 Use distributive property. 

2x +y=-5 Add 2x and 3 to each side. 


> The equation 2x + y = —5 is in standard form. 


EXAMPLE 3 ] Horizontal and Vertical Lines 


Write the standard form of an equation ne hy 
a. of the horizontal line. 


b. of the vertical line. 


SOLUTION 


a. The horizontal line has a point with a 
y-coordinate of 3. The standard form of 
the equation is y = 3. 


b. The vertical line has a point with an 
x-coordinate of —3. The standard form 
of the equation is x = —3. 


You have now studied all of the commonly used forms of linear equations. They 
are summarized in the following list. 


EQUATIONS OF LINES 


SLOPE-INTERCEPT FORM: y=mx+b 
POINT-SLOPE FORM: Y- y, = m(x — x,) 
VERTICAL LINE (UNDEFINED SLOPE): x= a 

HORIZONTAL LINE (ZERO SLOPE): y=b 


STANDARD FORM: Ax + By = C, where A, B, and C 
are real numbers; A and B are not 
both zero. 


5.6 The Standard Form of a Linear Equation 


G@QVOD Moveune a REAL-LIFE SITUATION 


TORRE EERE EERE EERE HEHEHE EE EEE EEE HEHE EEE EE EEE HEHEHE HEHEHE EEE HEHE EEE EEE EEEEE HEHEHE EEE EEEEE EEE EEE EES 


GEV) Writing and Using a Linear Model 


BARBECUE You are in charge of buying the hamburger and boned chicken for a 
barbecue. The hamburger costs $2 per pound and the boned chicken costs $3 per 
pound. You have $30 to spend. 


a. Write an equation that models the different amounts of hamburger and 
chicken that you can buy. 


b. Make a table and a graph that illustrate several different amounts of 
hamburger and chicken that you can buy. 


SOLUTION 
a. Model the possible combinations of hamburger and chicken. 


VERBAL Price Weight Price Weight 
MODEL 0 . of + of |- of = 
hamburger| hamburger chicken | _ chicken cost 


LaBELs Price of hamburger = 2 (dollars per pound) 
Weight of hamburger = x (pounds) 
Price of chicken = 3 (dollars per pound) 
Weight of chicken = y (pounds) 
Total cost = 30 (dollars) 
Atcesraic 2x + 3y = 30 Linear model 
MODEL 


FOCUS ON 
APPLICATIONS 


b. Use the algebraic model to make a table. 


Fiiowrmx [0] 316] 9] 2] 5] 


_srickentiy | 10 | 8 | 6 | 4 | 2 | 0 | 


The points corresponding to 

these different amounts are shown 
in the graph. Note that as the 
number of pounds of hamburger 
you purchase increases, the 


Barbecue Planning 


Chicken (Ib) 


Ye. BARBECUE number of pounds of chicken 
Ss The International you purchase decreases, and 
Bar-B-Que Festival in vice versa. 


Owensboro, Kentucky, uses 
over 5000 chickens in its 
annual cookout. 


Hamburger (Ib) 
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GUIDED PRACTICE 


CORO E RHEE EEE HEHE EE EEE EEE EEE EEE EEE EE EEEEEEEEE EE EEE EEE EEEEE SEES ESHEETS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEOESD 


Vocabulary Check J 1. Name the following form of the equation of a line: y = mx + b. 
2. Name the following form of the equation of a line: Ax + By = C. 


Concept Check J 3. The equations y = $x + 3 and 2x + 3y = 9 are equivalent. Describe 


how you would use each equation to graph the equation. 


Skill Check J Write the equation in standard form with integer coefficients. 


4.y=2x-9 5. y= 6-— 5x 6.y=9+ 1x 
Ty =4xr+8 8. y= 7x+3 9.y=-2+3x 


Write an equation in standard form of the line that passes through the 
given point and has the given slope. 


10. (—3, 4),m = —4 11. (1, —2),m=5 12. (2,5), m = 3 

13. (5, —8),m= —1 14. (—5, —6), m = 3 15. (4, —3),m = —2 

16. “) VEGETABLES You have $10 to buy tomatoes and carrots for a salad. 
Tomatoes cost $2 per pound and carrots cost $1.25 per pound. Write a linear 


equation that models the different amounts of tomatoes x and carrots y that 
you can buy. 


17. Copy and complete the table using the linear model in Exercise 16. 


Tomatoes (Ib), x 0 1.25 2.5 3.75 
Carrots (Ib), y ? ? v4 ? 


PRACTICE ano APPLICATIONS 


[_ EQUATIONS Write the equation in standard form with integer coefficients. 
Extra Practice 18. 4x —-y —-7=0 19.x+ 3y—4=0 20. —4x + 5y + 16=0 
to help you master 
skills is on p. 801. 21. 2x — 3y —- 14=0 22.x-5=0 23.y+3=0 
24. y = —5x+2 25. y = 3x — 8 26. y = —0.4x + 1.2 
27. 3x + 9 = ty 28. y= 9x +5 29. y=2x+9 
se ae. a chills ge =e fe 
30. y= wet 31. y aX + 5 32. y 3 4 
WRITING EQUATIONS Write an equation in standard form of the line that 
_ aE passes through the given point and has the given slope. 
HOMEWORK HELP 33. (—8, 3),m =2 34. (—2,7),m = —4 35. (-1,4),m = —-3 
Example 1: Exs. 18-32 
Example 2: Exs. 33-50 36. (-6, —7), m=-—l 37. (3, —2), m=5 38. (10, 6), m=7 
chu RRA 39. (2,9),m= —7 40. (5, —8), m = 10 41. (7,3),m = —2 


Example 4: Exs. 64-69 
42. (—4, 2),m = —2 43. (0,3),m=1 44. (—3,3),m=4 


5.6 The Standard Form of a Linear Equation 


FOCUS ON 
APPLICATIONS 


we 


ay FEEDING HABITS 


The American 
Goldfinch uses its feet to 
extract seeds. Before a 
storm, American Goldfinches 
increase the amount they 
eat tremendously and gain 
weight. > Source: Canadian 
Wildlife Service 


WRITING EQUATIONS Write an equation in standard form of the line that 
passes through the two points. 


45. (1, 4), (5, 7) 46. (=3, =3),.(7;2) 47. (—4, 1), (2, —5) 
48. (9, —2), (—3, 2) 49. (0, 0), (2, 0) 50. (4, —7), (5, -1) 


HORIZONTAL AND VERTICAL LINES Write an equation in standard form of 
the horizontal line and the vertical line. 


51. 


HORIZONTAL AND VERTICAL LINES Write an equation in standard form of 
the horizontal line and the vertical line that pass through the point. 


54. (1, 3) 55. (—4, 4) 56. (—2, —5) 57. (6, —1) 
58. (0, 7) 59. (—9, 0) 60. (—3, 7) 61. (10, —3) 
ERROR ANALYSIS In Exercises 62 and 63, describe the error. 

63. 


‘4 BIRD SEED MIXTURE In Exercises 64-66, use the following information. 
You are buying $20 worth of bird seed that consists of two types of seed. Thistle 
seed attracts finches and costs $2 per pound. Dark oil sunflower seed attracts 
many kinds of song birds and costs $1.50 per pound. 


64. Write an equation that represents the different amounts of $2 thistle seed x 
and $1.50 dark oil sunflower seed y that you could buy. 


65. Graph the line representing the possible seed mixtures in Exercise 64. 


66. Copy and complete the table. Thistle seed (Ib), x 


Label the points from the 
table on the graph created 
in Exercise 65. 


Dark oil sunflower 
seed (Ib), y 


% PRIZES In Exercises 67-69, you are in charge of buying prizes for a 
school contest. A one-strand rosette ribbon costs $2.00 and a three-strand 
rosette ribbon costs $3.00. You have $10 to spend. 


67. Write an equation that represents the different numbers of one-strand and 
three-strand rosette ribbons that you can purchase. 


68. What is the greatest number of students that can receive a ribbon? 


69. What is the least number of students that can receive a ribbon? 
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_ % COLOR PRINTING In Exercises 70-74, use the following information. 
pee HOMEWORK HELP In printing, different shades of color are often formed by overprinting different 
Visit our Web site percents of two or more primary colors such as magenta (red) and cyan (blue). 
www.mcdougallittellcom Ror instance, combining a 40% magenta screen with a 20% cyan screen produces 
Snel NOEs a more reddish purple than combining a 20% magenta screen with a 40% cyan 


screen. This process reduces the number of colors of ink needed. 


CMYK DOT PATTERN TWO COLOR PROCESS CHART 


100% 


80% 


60% 
70. You are designing an advertising piece. ‘ 


You want the combined percent of 
magenta and cyan screens for a 
background color to be 60%. Write a 
linear equation that models the different 
percents of magenta and cyan you can 
use. Let x represent the percent of 
magenta, and let y represent the percent 
of cyan. 


40% 


Percent magenta (red) 


20% 


0% 
71. Trace the magenta-cyan color palette ° 


matrix at the right and identify the 
possible shades you can use for a 
combined percent of 60%. 


0% 20% 40% 60% 80% 100% 
Percent cyan (blue) 


72. Write a linear equation that models the different percents of magenta and 
cyan you can use for a background color of 80%. 


73. Trace the magenta-cyan color palette matrix and identify the possible shades 
you can use for a combined percent of 80%. 


74. How do the patterns formed by the possible shades relate to the lines whose 
equations you found in Exercises 70 and 72? 


ED 
Test és) 75. WIULTIPLE CHOICE Choose the equation in standard form of the line that 
Preparation passes through the point (—1, —4) and has a slope of 2. 
CAD 2x + y= —-2 CB —-2x+ y= -2 
© x+y=2 DM 2x-y=-2 


76. WIULTIPLE CHOICE Choose the standard 
form of the equation shown in the graph. 


A 3x t+ y=3 
® —3y=x+ (9) 
C& -x-y=9 
CD —-x-3y=—-9 


5.6 The Standard Form of a Linear Equation 


EXPLORING EQUATIONS In Exercises 77-80, use the equation 2x + 7y = 14. 
77. What is the x-intercept? 
78. What is the y-intercept? 


79. Multiply each term in the equation by t 


80. Find a relationship between the denominators on the left side of the equation 
and the x-intercept and the y-intercept. 


* Challenge FINDING EQUATIONS In Exercises 81-83, use the following information. 
The equation represents the intercept form of the equation of a line. In the 
equation, the x-intercept is a and the y-intercept is b. 


x ,F_ 
a | 


81. Write the intercept form of the equation of the line whose x-intercept is 2 
and y-intercept is 3. 


82. Write the equation in Exercise 81 in standard form. 
www.mcedougallittell.com 83. Write the equation in Exercise 82 in slope-intercept form. 


MIxeD REVIEW 


SOLVING EQUATIONS Solve the equation. Check the result. (Review 3.4) 
84.8 + y=3 85.y-—9=2 86. —6(¢ + 22) = 5q 
87. 2(¢ + 5) = 18 88.7 — 2a = —-14 89. —2 + 4c = 19 


GRAPHING EQUATIONS Use a table of values to graph the equation. Label 
the x-intercept and the y-intercept. (Review 4.2, 4.3) 


90.y=-x+8 91.y=4x-4 92.y=x+5 
93. y = —9 + 3x 94.y=-x-1 95.y=10-x 


SLOPE-INTERCEPT FORM Graph the line that passes through the points. 
Write its equation in slope-intercept form. (Review 5.3 for 5.7) 


96. (2, 3), (—4, 1) 97. (7, 6), (5, —9) 98: (35, —2),(—1,,. 12) 
99. (6, —2), (—5, —8) 100. (2, 9), (4, 7) 101. (19, —2), (4, -1) 
102. (5, —8), (7, —3) 103. (14, —9), (-5, -3) 104. (—5, 9), (5, 4) 
105. % BUYING A CD PLAYER You have $125.79 to spend for a CD player. 
The sales tax is 6%. What is your price limit for the CD player? (Review 3.6) 


106. % BUYING A CALENDAR You have $15 to spend for a calendar. The sales 
tax is 8.5%. What is your price limit for the calendar? (Review 3.6) 


107. & LEAVING A TIP You leave a $1.50 tip for a lunch of $6.00. What 
percent tip did you leave? (Review 3.8) 


108. % SHOPPING A coat regularly sells for $84. You buy the coat on sale and 
save $10. What percent is the discount? (Review 3.8) 
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© ACTIVITY 5.7 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 
* toothpicks 
°¢ graph paper 


Group Activity for use with Lesson 5.7 


Investigating Linear Modeling 


> QUESTION How can you decide whether data can be represented by a 
linear model? 


> EXPLORING THE CONCEPT 


The following figures represent the first five stages in a sequence. 


1) Copy and complete the table showing the number of toothpicks used to make 
each figure. 


Number of squares in figure 


Number of toothpicks 


(2) Make a scatter plot of the data. Put the number of squares on the horizontal 
axis. What do you observe about the data points? 


() Choose two points on the line and calculate the slope. 
4.) Write the equation of the line in slope-intercept form. 


5) Use the equation to predict the number of toothpicks necessary to construct 
a figure with 10 squares. Check your result. 


> DRAWING CONCLUSIONS 


The figures show the first three stages in a sequence. Each group member 
should choose one sequence and answer Exercises 1-4 individually. 


A. _ [| | B. C. 


| | / \ \  F /\. f 
| | | | | \ \ a FNS Ne \ #X\/ a Fa 


1. Use toothpicks to make the next three figures in the sequence. 


2. Make a table of the results. For each stage, give the number of small squares 
or small triangles in the figure and the number of toothpicks used. 


3. Make a scatter plot of the number of small squares or small triangles as a 
function of the stage number. 


4. Make a scatter plot of the number of toothpicks as a function of the number 
of small squares or small triangles. 


5. Compare your scatter plots with those of others in your group. Which of the 
sequences can be modeled with a linear model? Which cannot? Explain. 


6. If the data appear to fit a linear model, find an equation of the line. 


5.7 Concept Activity 


LORING DJ 
pD STATISTI 


What you should learn 
Determine whether 


a linear model is appropriate. 


GW. se a linear model 


to make a real-life prediction, 
such as spending on 
advertising in Example 3. 


Why you should learn it 


W To predict the cost of 
college tuition in the future 


in Exs. 29 and 30. 
dee 


Predicting with Linear Models 


PGOAL 1) DECIDING WHEN TO USE A LINEAR MODEL 


ARERR eRe ERE REE RHEE E EEE EERE ERE EE EEE EERE EEE EEE EEE EE EEE EEE EEE EE EEE E EEE EEE RHEE EEE EEEEEEEE EEE EEE EES 


Two of your major goals in this course are to learn about different types of 
models and to learn which type of model to use in a specific real-life situation. 


In this lesson you will learn how to decide when a linear model can be used to 
represent real-life data. 


PEXAMPLE 1 ) Which Data Set is More Linear? 


The amount (in millions of dollars) spent on advertising in broadcast television 
and on the Internet from 1995 through 2001 is given in the table. Which data are 
better modeled with a linear model? 


32,720 | 36,893 | 41,230* 
24 1300 | 15,000* 


> Sources: Veronis, Suhler & Associates Communications Industry Forecast and Activ Media 


Broadcast television 
advertising expenditures 
(in millions) 


46,140* 


Internet advertising 
expenditures (in millions) 


46,000* 


*Projected data 


SOLUTION 


A good way to decide whether data can be represented by a linear model is to 
draw a scatter plot of the data. 


Television Advertising Internet Advertising 


40,000 
30,000 


20,000 


Expenditures 
(millions of dollars) 


10,000 


Expenditures 
(millions of dollars) 


2 4 6 
Years since 1995 


Years since 1995 


From the two scatter plots, you can see that the broadcast television data fall 
almost exactly on a line. The Internet data are much less linear. That is, the data 
points don’t lie as close to a straight line. 
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@QN0  previctine with Linear MopELs 


TORRE REE REE EERE EEE EEE EEE EEE HEHEHE EEE EE EEE EEE EEE EEE EEE HEHEHE EEE EEE HEHEHE EEEE EEE HEHEHE EEED 


Ds GED Writing a Linear Model 
ertising 


Write a linear model for the amounts spent on television advertising given in the 
table in Example 1. 


SOLUTION 


MetHop 1 Make a scatter plot of the data and draw the line that best fits the 
points. The line does not need to pass through any of the data points. 


Television Advertising 


= 

n 

— 
oS 
2s 
EBs 
=e 
fe 
o 2 
a0 
4 
w= 

£ 

= 


Years since 1995 


Find two points on the best-fitting line such as (0, 32,720) and 
Look Back (6, 46,140). Use these points to find the slope of the best-fitting 
For help with best-fitting line. 


lines, see p. 293. _ 32791 _ 46,140 — 32,720 


Xy— X1 6-0 


m 


== 2236.67 =~ 2237 


Using a y-intercept of b = 32,720 and a slope of m = 2237 you 
can write an equation of the line. 


y=mxt+b Write slope-intercept form. 


y = 2237x + 32,720 Substitute 2237 for m and 32,720 for b. 


> A linear model for the amounts spent on television advertising is 
y = 2237x + 32,720. 


MerHop 2 You can use a graphing calculator and follow the procedure given on 


_ eS page 299. 
Study Tip 


In Example 2, notice that The linear regression program gives ' 
the two methods give you the results shown at the right. a, 
slightly different results. A linear model for spending on a=2229.85 


The equation found using television advertising is 
the graphing calculator 


peas ici y = 2229.85x + 32,556.2. The 
ainda. r-value of about 0.999 indicates that 
the linear model is a very good fit. 


b=32556.2 
r=.9992759801 


5.7 Predicting with Linear Models 


_ INTERPOLATION AND EXTRAPOLATION When you use a linear model to 
genes HOMEWORK HELP estimate data points that are not given, you are using linear interpolation 
¢ Visit our Web site or linear extrapolation. Linear interpolation is a method of estimating 
www.medougallittellcom | the coordinates of a point that lies between two given data points. 


for extra examples. Linear extrapolation is a method of estimating the coordinates of a point 
that lies to the right or left of all of the given data points. 


T EXAMPLE 3 } Linear Interpolation and Linear Extrapolation 


ADVERTISING Use the linear model you found in Example 2 to estimate the 
amount spent on advertising in broadcast television in the given year. Tell 
whether you use linear interpolation or linear extrapolation. 


a. 1996 b. 2015 
Television Advertising 


y 
80,000 
70,000 
60,000 
50,000 
40,000 
30,000 


n 
oa 
— 
S 
= 
=] 
i] 
oa 
a 
x< 
Ht 


(millions of dollars) 


8 10 12 14 
Years since 1995 


a. You used data for 1995 and 2001 to write the model. Because 1996 is 


FOCUS ON between these two dates, you will use linear interpolation. Because x 
CAREERS 


represents the number of years since 1995, you can estimate the amount 
spent in 1996 by substituting x = | into the linear model from Example 2. 


y = 2237x + 32,720 Write linear model. 
= 2237(1) + 32,720 Substitute 1 for x. 
= 34,957 Simplify. 
> The model predicts that almost $35,000 million, or $35 billion, was spent 
in 1996. 
b. Because 2015 is to the right of all of the given data, you will use linear 
ay GRAPHIC extrapolation. You can estimate the amount spent in 2015 by substituting 
DESIGNERS x = 20 into the linear model from Example 2. 
Graphic designers choose 
the art and design layouts. y = 2237x + 32,720 Write linear model. 
They may work on _ . 
advertising for television, = 2237(20) + 32,720 Substitute 20 for x. 
newspapers, and other = 77.460 Simplify 
media. , : 
Sop) CAREER LINK > The model predicts that about $77,000 million, or about $77 billion, will 
www.mcdougallittell.com be spent in 2015. 
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GUIDED PRACTICE 


COCR EEE EEE E EEE O EEE EEE EEE EEE EEE TEETH EEE EEE EEE EEE EEE EE EEE EE EEE EEE EEEE EEE EEE EEE EEE TEESE EEE EEEEEEEEEEEEEEEEEEEEE EEE EES 


Vocabulary Check J 1. Explain the difference between linear interpolation and linear extrapolation. 


Concept Check J 2. Explain how to decide whether a data set can be represented by a linear 
model. 


Tell whether it is reasonable for the graph to be represented by a linear 
model. 


Skill Check J ® BOTTLED WATER In Exercises 6-10, use the Year Water (in gallons) 
data on bottled water consumption per person. 


6. Make a scatter plot of the data. 


7. Write a linear model for the data. 


Use your model to estimate the consumption 
of bottled water in the given year. Tell whether 
you use /inear interpolation or linear extrapolation. 


8. 1994 9. 2010 10. 1979 


> Source: Statistical Abstract of 
the United States 


PRACTICE anp APPLICATIONS 


COCO H HEHEHE EEE E EEE EEE EEE EEE EEE EEEEE EEE EEEE EEE EEE E EEE EEEEEEEEEEEE EEE EEEEEEEEEEEHEEEEE EEE EE EEEEEEEEEEEEEEEEEEEESE SESE 


REPRESENTING DATA Tell whether it is reasonable for the graph to be 
: represented by a linear model. 
Extra Practice 


to help you master 12. 
skills is on p. 801. f 


i HOMEWORK HELP 


Example 1: Exs. 11-16, 
17-19 

Example 2: Exs. 20, 23, 
25 

Example 3: Exs. 21, 22, 
24, 26, 27 


15. 


5.7 Predicting with Linear Models 


FOCUS ON 
APPLICATIONS 


Je SPORTS 
Ss EQUIPMENT Life 


jackets should be chosen by 
the type of water activities, 
as well as the expected 
water conditions. Type | can 
be used in rough, offshore 
water while Type III are 
appropriate for calm, inland 
waters. 


® Movie THEATERS In Exercises 17-22, use the table which shows the 
number of movie theater screens (in thousands) from 1975 to 1995. 


1975 | 1980 | 1985 | 1990 
Indoor screens (in thousands) 11 14 18 23 
Drive-in screens (in thousands) 4 4 3 1 


ERNE 


pte] DATA UPDATE of Motion Picture Association of America, Inc. data at www.mcdougallittell.com 


17. Make a scatter plot of the number of indoor movie screens in terms of the 
year ft. Let t represent the number of years since 1975. 


18. Make a scatter plot of the number of drive-in movie screens in terms of the 
year ¢. Let t represent the number of years since 1975. 


19. Which data are better modeled with a linear model? 
20. Write a linear model for the number of indoor movie screens. 
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= 


. Use the linear model to estimate the number of indoor movie screens 
in 2005. 


22. Use the linear model to estimate the number of indoor movie screens in 1989. 
Did you use linear interpolation or linear extrapolation? 


® Books AND Maps In Exercises 23 and 24, use the table which shows 
the number of dollars (in billions) spent on books and maps in the United 
States from 1990 through 1995. 


Billions of dollars 


> Source: U.S. Bureau of Economic Analysis 


23. Write a linear model for the amount spent on books and maps. 


24. Use the linear model to estimate the amount spent in 2005. Did you use 
linear interpolation or linear extrapolation? 


% TOYS AND SPORT SUPPLIES In 
Exercises 25-27, use the table which shows 
the number of dollars (in billions) spent on 


Years since 1990 Billions of dollars 


toys and sport supplies in the United 


States from 1990 through 1995. 


25. Write a linear model for the amount spent 


on toys and sport supplies. 


26. Use the linear model to estimate the 
amount spent in 1992. Did you use linear 
interpolation or linear extrapolation? > Source: U.S. Bureau of Economic Analysis 


27. Use the linear model to estimate the amount 
spent in 2005. Did you use linear interpolation 
or linear extrapolation? 
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® COLLEGE TUITION In Exercises 28-30, use the table which shows the 
average tuition for attending a private and a public four-year college. 


Year Public college Private college 
$11,379 
$12,192 
$13,055 
$13,874 
$14,537 
$15,581 


> Source: U.S. National Center for Education Statistics 


28. Write a linear model of the tuition for attending a public and of the tuition for 
attending a private college. 


29. Use linear extrapolation to estimate the tuition for attending a public college 
when you graduate from high school. 


30. Use linear extrapolation to estimate the tuition for attending a private college 
when you graduate from high school. 


Test = NVIULTI-STEP PROBLEM In Exercises 31-34, use the following information. 

Prep aration You are the produce manager at a new grocery store. It is your job to decide how 
much fruit to order for the week of the grand opening. You find a table that shows 
yearly per person consumption of pounds of bananas. 


31. What was the average weekly your Paundsathananas 


consumption per person of bananas 
in 1995? What was the average 1990 


monthly consumption? 


32. Write a linear model for the average 
weekly consumption per person of 
bananas in pounds. 


33. Use the linear model to estimate 
the average weekly consumption 
per person of bananas in pounds > Source: U.S. Department of Agriculture 
for this year. 


34. If you expect 1750 customers for the week of the grand opening, how many 
pounds of bananas should you order? 


* Challenge = In Exercises 35-37, use the data from Exercises 28-30 and a graphing 
= calculator. Let x represent years since 1990 and let y represent the 
average tuition at a public college. 


35. Enter the data for the tuition for public colleges and graph the equation. 
36. Locate the x-intercept of the graph. What does this point represent? 


37. Writing What are the reasonable limits of linear extrapolation in terms of 
www.mcdougallittell.com college tuition? 


5.7 Predicting with Linear Models 


MIXED REVIEW 


Seccvevccccccccccsccsescecscere 


Coes eeeseeseseeseseeeseseeeees 
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WRITING INEQUALITIES Graph the numbers on a number line. Then write 
two inequalities that compare the two numbers. (Review 2.1 for 6.1) 


38. —7 and 3 39. —2 and —-1 40. 12 and —12 


1 2 7 - _7 
41. 5) and 5 42. —7 and 2 43. —3 and 5) 


SLOPE-INTERCEPT FORM Write an equation of the line in slope-intercept 
form. (Review 5.1) 


44. The slope is 2; the y-intercept is —5. 45. The slope is + the y-intercept is —8. 


46. The slope is —4; the y-intercept is 7. 47. The slope is —2; the y-intercept is —6. 


WRITING EQUATIONS Write an equation in slope-intercept form of the line 
that passes through the point and has the given slope. (Review 5.2) 


48. (6,5),m=2 49. (—3,7),m=7 50. (8, 2),m=7 
51. (8, 4),m = —5 52. (3, 1),m=7 53. (—8, 7), m =2 


54. FEATHER GROWTH At nine days old, a flight feather of a night heron is 
17 millimeters. At 30 days, the flight feather is 150 millimeters. Write a 
linear model that gives feather length fin terms of age a. (Review 5.5) 


Self-Test for Lessons 5.6 and 5.7 


SOOO E EEE SETHE EEE EEE HEHE SEES EE EEE EE EEE EE EEE EEE EEEEEE EEE EEEE EEE EEESEESEEEEEE EES ESESEEEE ESS 


Write the equation in standard form with integer coefficients. (Lesson 5.6) 


y=4r4+3 2. 3y + 9x — 18 =0 3. 6y — 2x =8 
_ _ 2 _ 1 
4.y=9x+ 12 5. y = 3x + 6 6. —8y = 5 — 7x 


Write an equation in standard form of the line that passes through the 
point and has the given slope. (Lesson 5.6) 


6-3 7e = éGivnwe= 4 $1, 45)a= =3 
Tm ee eee 11:12, 4, w=3 12. (-16, —2), m = 6 


* Lire EXPECTANCY In Exercises 
13-15, use the table on projected life 
expectancy at birth. (Lesson 5.7) 


Birth year Life expectancy 


1985 


13. Write a linear equation of the data. 


14. Interpolate the life expectancy for a 
baby born in 1989. 


15. Extrapolate the life expectancy for a 
baby born in 2015. 


> Source: U.S. National Center for Health 
Statistics *Projected 
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Chapter Summary 


WHAT did you learn? WHY did you learn it? 
Write an equation of a line in slope-intercept form. 
* given its slope and its y-intercept (5.1) Calculate the cost of a phone call. (p. 275) 
¢ given its slope and one of its points (5.2) - Predict the number of vacations trips in 2005. (p. 281) 
* given two of its points (5.3) _ Estimate height at an archaeological dig. (p. 287) 
Write equations of perpendicular lines. (5.3) _ Write equations for sides of geometric figures. (p. 286) 
Fit a line to data. (5.4) Represent winning Olympic discus throws. (p. 294) 
Write an equation of a line in point-slope _ Find the optimal running pace for a given 
form. (5.5) temperature. (p. 302) 
Write an equation of a line in standard form. (5.6) Plan possible purchases. (p. 310) 
Create a linear model for a real-life situation. _ Make predictions and estimates. (pp. 274 and 281) 
(5.1-5.6) 
Predict using a linear model. (5.7) _ Estimate the amount spent in 2015 on advertising. 
(p. 318) 


How does Chapter 5 fit into the BIGGER PICTURE of algebra? 


In this chapter you studied techniques for writing equations of lines. Using the 
slope-intercept form that you saw in Chapter 4, you learned the point-slope form 
and standard form of an equation. You used many techniques you learned in 
earlier chapters: the problem-solving strategies in Chapter 1; the rules of 
simplification in Chapter 2; the equation solving in Chapter 3; and the graphing 
methods in Chapter 4. 


Knowing which form of a linear equation is best to use is a basic problem solving 
strategy you will continue to apply in the following chapters. 


STUDY STRATEGY 


: Practice Test 

How did you use your S Lesson §.1 Write an equation of the line in 
practice test? ¢ slope-intercept form. 
A practice test you may have S Lm=3;b=—2 2meat pe 5 
written using the Study J Lesson 5.2 Write an equati a 

< b quation of the line th 
Strategy on page 272 may < through the point and has the given ps ae 
have begun like this one. : 4. (2,6),m=2 oe 

: 3 5. (—3, —3),m= —] 


* slope-intercept form, p. 273 * positive correlation, p. 295 * point-slope form, p. 300 * linear interpolation, p. 318 


* hest-fitting line, p. 292 ¢ negative correlation, p. 295 ¢ standard form, p. 308 ¢ linear extrapolation, p. 318 
E. I 
SE) wanne tinear Eouations: SLoPE-INTERCEPT FORM pp. 273-275 
! EXAMPLES } Write an equation of the line with a slope of + and a y-intercept 
of —2. 
y=mx+b Write slope-intercept form. 
y= 3x ee Substitute 7 for mand —2 for b. 


Write an equation of the line with the given slope and y-intercept. 


Leo peS=3 2.m=-t:b=5 inet = =3 


Examples on 


82 WRITING LINEAR EQUATIONS GIVEN THE SLOPE AND A POINT pp. 279-281 


Y EXAMPLES } Write an equation of the line through (2, —1) with a slope of 3. 


y=mxt+b Write slope-intercept form. 
—1=3(2)+b Substitute —1 for y, 2 for x, and 3 for m. 
—-7=b Simplify and solve for b. 
y=3x-7 Substitute 3 for mand —7 for b in slope-intercept 
form. 


Write an equation of the line that passes through the point and has the 
given slope. 


4. (4, -—3),m=6 5. (—9, 4),m =2 6. (—3, 2),m= —1 


Examples on 


3 WRITING LINEAR EQUATIONS GIVEN TWO POINTS pp. 285-287 


RARE RRR R REE E REE EERE EERE EERE ESTE EE EEE ESSE EEEEE EEE EEEEEEEEEE REESE EEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE ESTEE EEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE EE EE EERE EES 


Y EXAMPLES } Write an equation of the line that passes through (—2, —6) and (3, 4). 


J2 i 0) 
Xy — X41 3.= (=2) 5 


m= =2 Find the slope of the line. 


Now use the slope m = 2 and one of the given points to write an equation of the line 
as in the Example for Lesson 5.2 above. An equation is y = 2x — 2. 
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Y EXAMPLES } If two lines are perpendicular their slopes are negative reciprocals. 
A line perpendicular to the line y = —5x + 3 has a slope of z. 


Write the slope-intercept form of an equation of the line that passes 
through the points. 
Tc, =9),{=3;2) 8. (1, 8), 2, -1) 9. (2, 5), (—8, 2) 
10. Write the slope-intercept form of an equation of the line perpendicular to the 
line in Exercise 7 with a y-intercept of —3. 


Examples on 


a FITTING A LINE TO DATA pp. 292-295 


On the scatter plot, sketch a line to approximate 
the data. Choose two points on your line, say (11, 5) and (6, —5). 
Find the slope. 


_ 227. 5 eee 


mM -yy U-6 5 
y=mx+t+b Write slope-intercept form. 
—5 =2(6)+b Substitute for y, x, and m. 
-17=b Solve for b. 


An equation that approximates the best-fitting line is y = 2x — 17. 


Draw a scatter plot of the data. Find an equation of the line that 
corresponds closely to the data and that best fits the data. 


Examples on 


_ a POINT-SLOPE FORM OF A LINEAR EQUATION pp. 300-302 


[ EXAMPLES ] Write an equation of the line through (5, —4) and (—3, 4). 


_ Wyn 4 = (4 eee 
my ky 35 eid: 
y— yy = mx — x)) Write point-slope form. 
y — (-4) = (1) — 5) Substitute for m, x;, and y;. 
SY Sie ar ll Simplify. 


Write an equation in point-slope form of the line that passes through the 
two points. Then rewrite the equation in slope-intercept form. 


13. (—4, 4), (2, 5) 14. (—2, 3), (5, 0) 15. (1, —2), (-1, 8) 


Chapter Review 


E. 1 
BC THE STANDARD FORM OF A LINEAR EQUATION pp. 308-310 


! EXAMPLES ] The standard form of a linear equation is Ax + By = C. 


Write the equation y = -4 x + 6in standard form with integer coefficients. 
y= — $x +6 Write given form. 
ay = = 2cies Multiply each side by 3. 
2x + 3y = 18 Add 2x to each side. 


Rewrite the equation in standard form with integer coefficients. 


16.y=2x+9 17. 3y = —8x + 2 18. 2y = —2x +6 
eee al 2 
19. y= 3x +3 20.y=7xt5 21. 5y = 3% 2 
E I] 
57 PREDICTING WITH LINEAR MODELS pp. 316-318 


You can use linear models to 
make predictions. Use the graph showing the 
number of World Wide Web users (in millions) 
for different years, with x representing the number 


World Wide Web Users 


a 
of years since 1996. Predict the number of World s 
Wide Web users in the year 2005. = 
ra 
o 
m= oe — . = 16 Find slope using 8 
(1, 34) and (3, 66). = 
34 = (16)1 + b Substitute 34 for y, 1 for x, 
and 16 for min y = mx + Bb. ee 
Years since 1996 
b=18 Simplify and solve for b. Sat IDE LE 
y = 16x + 18 Write equation with mand b. 
y = 16(9) + 18 Substitute 9 to represent 2005. 
y = 162 Simplify and solve. 


Using the linear model y = 16x + 18, you can estimate the number of World 
Wide Web users in 2005 to be 162 million. 


Use the linear model in the Example above to estimate the number of 
World Wide Web users in the given year. Tell whether you use a /inear 
interpolation or linear extrapolation. 


22. 1995 23. 2010 24. 2002 25. 2006 
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Chapter Test 


Write an equation of the line with the given slope and y-intercept. Write 
the equation in slope-intercept form. 


m=2,b=-1 2.m= —4,b=3 3.m=6,b=9 


1. 


4.m=4,b=-3 5.m= —-3,b=3 6.m=0,b=4 


Write an equation of the line that passes through the given point and has 
the given slope. Write the equation in slope-intercept form. 


@.6),.m=2 8. (3, -9), m= —5 9. (—5, -6),m = 3 
(1, 8),m = —4 11. (4, -2),m=4 12. & -5), m=8 


7. 
10. 


2 


Graph the line that passes through the points. Then write an equation of 
the line in slope-intercept form. 


13. (—3, 2), (4, —1) 14. (6, 2), (8, —4) 15. (—2, 5), (2, 4) 
16. (—2, —8), (1, 0) 17. (—S, 2), (2, 4) 18. (9, —1), (1, —9) 
19. Write an equation of a line that is perpendicular to y = —2x + 6 and passes 


through (—4, 7). 


In Exercises 20-25, rewrite the equation in standard form with integer 
coefficients. 


20. 
23. 
26. 
27. 


28. 


4y = 24 + 2x 21.y=7x+8 22. by = —18x + 3 
Fx =9y 24. Sy = 25x 25. —2y + dx=4 


Rewrite the equation y = ox + 4 in standard form with integer coefficients. 


% NICKELS AND DIMES Maria needs $2.20 to buy a magazine. The only 
money she has is a jar of nickels and dimes. Write an equation in standard 
form for the different amounts of nickels x and dimes y she could use. 


§% IVIONTHLY PAy A salesperson for an appliance store earns a monthly 


pay of $1250 plus a4% commission on the sales. Write an equation in slope- 


intercept form that gives the total monthly pay y in terms of sales x. 


% CELLULAR PHONE INDUSTRY In Exercises 29-33, use the following 
information. The table shows the number of employees in the cellular 
telephone industry in the United States from 1990 through 1995. 


> Source: Cellular Telecommunications Industry Association 


29. 
30. 
31. 


32. 


33. 


Make a scatter plot and fit a line to the data. 
Write an equation of the line in slope-intercept form. 


Use the linear model to estimate the number of employees in 1994. 
Did you use linear interpolation or linear extrapolation? 

Use the linear model to estimate the number of employees in 2004. 
Did you use linear interpolation or linear extrapolation? 

Use the linear model to estimate the year in which the number of 
employees was 0. Did you use /inear interpolation or linear 
extrapolation? Is this a realistic prediction? Why or why not? 


Cellular Telephone Industry 


Years since 1990 Employees 


21,400 

26,300 

34,300 

39,800 
? 


68,200 


Chapter Test 


ee 
Chapter Standardized Test 


p>) TEST-TAKING STRATEGY Avoid spending too much time on one question. Skip questions that 
are too difficult for you, and spend no more than a few minutes on each question. 


1. MULTIPLE CHOICE What is an equation of the 
line that passes through the points (—4, 2) and 
(6, 6)? 


22, 18 -2,.2 
Dy aaxts BD y = sx 5 
® y= 2-6 Dyes, 
Ce) y= 2x + 18 


2. MULTIPLE CHOICE An equation of the line 
perpendicular to the line y = —2x — 3 witha 


y-intercept of a is. 
Dy=-wt+z 


Qyaw-Z 


1 3 
Dy ax FZ 


3. MULTIPLE CHOICE A line with a slope of —1 
passes through the point (2, —1). If (—4, p) is 
another point on the line, what is the value of p? 
@® —-S =I © 1 
D2 © 5 


4. MIULTIPLE CHOICE What is an equation of a line 
that best fits the scatter plot? 
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5. 


~ 


© 


MULTIPLE CHOICE A bike rental shop charges $8 
to rent a bike, plus $1.50 for every half hour you 
ride. If the shop charges you and your friend a 
total of $25, how many hours did you each ride? 
(Assume that you each rode a separate bike for an 
equal amount of time.) 


@ 1 1.5 

@2 ® 25 

©} 3 

. MULTIPLE CHOICE What is an equation of the 


line that passes through the point (4, —5) and has 
a slope of 5 ? 


BD y=x-5 B® y= -fxt7 

© y=sxt7 ® y= -Zx-7 

EQ y=5x-7 

. MULTIPLE CHOICE An equation of the line whose 
x-intercept is 3 and whose y-intercept is 5 is _? . 
B® y=3xt5 B® y=-sr+5 
@y=-3r+5 Wy=2rt5 
®y=—ze-5 


IMIULTIPLE CHOICE Which two points lie on the 
line y = —2x+ 7? 

CA (0, Ds (1, = 5) 

©& (3, —4), (2, 6) 
Ce) 2,=0).63,-1)) 


(4, 0), (-2, —8) 
dD (1, 9); (3, 1) 


IMIULTIPLE CHOICE Which equation is in standard 
form with integer coefficients? 

QrW=,  Oywes 
@y=Ste Bx=pyt+F 


& -2x+y=—-5 


10. MULTIPLE CHOICE An equation in standard form of the line that passes 
through the point (—6, 1) and has a slope of —2 is _?.. 


BZ 2x+ y= 13 CB 2x-y=11 
@& 2x+y=-ll1 @M 2x+ y= —-13 
CE 2x —-y= —-13 


11. MIULTIPLE CHOICE An equation in standard form of a line that is perpen- 
dicular to the line that passes through the points (3, —4) and (6, 1) 


is _?. 
Gy sre3y 650. Gar sp= 6H 
© y= srt 6 BD 3x + 5y =6 


CE) Sy = —-3x + 6 
QUANTITATIVE COMPARISON In Exercises 12-14, choose the statement 
that is true. 

CA The number in Column A is greater. 

The number in Column B is greater. 

©) The two numbers are equal. 

(> The relationship cannot be determined from the information given. 


Column A Column B 


slope of 2x + 3y = 12 slope of —5y = 6 + 10x 


y-intercept of 2x + 3y = 12 | y-intercept of —Sy = 6 + 10x 


x-intercept of ox + 6y=8 x-intercept of 3y = —7 + 2x 


MIULTI-STEP PROBLEM In Exercises 15-20, all students in a class were 
surveyed after they took a chapter test. The teacher wanted to know if 
studying at home produced good test grades. After the survey was taken, 
the following data were recorded in a table. 


Hours spent studying the chapter O- 1.25) 5 |.75| 1 fis] 213] 5 | 7 | 


Average grade on the chapter test | 29 | 32 | 35 | 38 | 40 | 47 | 54 | 66 | 79 | 89 | 


15. Make a scatter plot of the data. 

16. Make a linear model of the average grade on the chapter test based on the 
number of hours spent studying the chapter at home. 

17. If you study for four hours, approximately what grade can you expect to earn 
on the chapter test according to the model? 

18. Use linear extrapolation to estimate the number of hours needed to earn a 
grade of 93 on the chapter test. 


19. Use linear interpolation to find the average grade on the chapter test by 
students who study for 4.5 hours. 

20. Writing If you were the parent of a child studying this chapter, what advice 
would you give your child about studying at home for the chapter test? 
Explain your reasoning. 


Chapter Standardized Test 


330 


SOLVING AND 
GRAPHING 
LINEAR 


INEQUALITIES 


CHAPTER 


APPLICATION: Music 
Measical tnshuments produce 


vibrations in the air that we hear 
as music. Not all instruments pro- 
duce these vibrations in the same 
way, and different instruments 
produce sounds in different fre- 
quencies. 


A flute player blows across an 
opening in the flute, which causes 
the air inside to vibrate. A clarinet 
or saxophone player blows ona 
wooden reed whose vibrations 
cause the air inside to vibrate. 


Flute 


Soprano 
clarinet 


Soprano 
saxophone 


0 600 1200 1800 2400 


Think & Discuss 


1. Estimate the frequency range of each instrument. 
2. Which of these instruments has the greatest 
frequency range? 


3. Estimate the frequency range that a flute can 
play that a soprano clarinet cannot. 


Learn More About It 


You will write inequalities to describe frequency 
ranges in Exercises 66 and 67 on p. 338. 


<PNE oe A 
= APPLICATION LINK Visit www.mcdougallittell.com 


for more information about music. 


CHAPTER 


‘Stud 
G i 


What’s the chapter about? 


Chapter 6 is about solving and graphing linear inequalities, many of which 
model real-life applications. In Chapter 6 you’ll learn 


* how to solve and graph inequalities. 
* how to solve and graph absolute-value equations and inequalities. 
* how to use measures of central tendency and statistical plots. 


KEY VOCABULARY 


> Review > New 
¢ equation, p. 24 e graph of a linear inequality, | ° stem-and-leaf plot, p. 368 


* inequality, p. 26 p. 334 * mean, median, mode, p. 369 
* absolute value, p. 65 * compound inequality, p.346 — « hox-and-whisker plot, p. 375 


e graph of an equation, p. 2710 ¢ solution of a linear 
inequality, p. 360 


Are you ready for the chapter? 


ARR R REE RE eee EERE EEE EEE EEE EE HEHEHE EEE EEE HEHEHE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE HEHE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE HEHEHE ED 


SKILL REVIEW Do these exercises to review skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Decide whether 5 is a solution of the inequality. (Review Example 4, p. 26) 


ae 1.3x+2<18 25-352 3.44 4x >24 
Study Tip 


“Student Help” boxes 4.1+ 2x55 5.8 +x< 12 6. 2x7 > 45 


throughout the chapter . : 
give you study tips and Solve the equation. (Review Examples 1-3, pp. 145-146) 


tell you where to look for 1 2 
extra help in this book 7. 5x + 10 = 15 8.3% —4= 12 9. 20 = 2(x + 1) 


and on the Internet. 
10. 4x + 5x —1=53 11. 6x — 2x + 8 = 36 12. 4(5 — x) = 12 


Graph the equation. (Review Examples, pp. 211, 219, and 242) 
13. y = —4x 14.y=-2x+5 15.2y-—x=4 16. —2x + y=3 


Here’sastudy  « 
STUDY 
STRATEGY strategy! d Showing Your Work 


Show all the steps when you do your homework 
Showing your work makes it easier t 


0 find the place 
where you made a mistake. Write corrections i to 


the errors. 


Chapter 6 


© ACTIVITY 6.1 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 
° paper 
* pencil 


Group Activity for use with Lesson 6.1 


Investigating Inequalities 
>» QUESTION How do operations change an inequality? 


> EXPLORING THE CONCEPT 


1) Each member of your group should write a different inequality by choosing 
two numbers and placing > or < between them to show which is greater. 


@ Apply each rule below to both sides of your inequality. Write the correct 
inequality symbol between the two resulting numbers. 


a. Add 4. b. Subtract 4. 
c. Multiply by 4. d. Divide by 4. 
e. Multiply by —4. f. Divide by —4. 


(3) In Step 2, when did you have to change the direction of the inequality symbol? 


4.) Use your inequality from Step 1. Repeat Step 2, but change 4 and —4 to 
some other positive and negative numbers. When did you have to change the 
direction of the inequality symbol? 


> DRAWING CONCLUSIONS 


In Exercises 1-6, predict whether the direction of the inequality symbol will 
change when you apply the given rule. Check your prediction. 


1.4 <9; add 7 2.15 > 12; subtract—4 3.4 > —3; multiply by 5 
AN > = lle erate! =7/ 5. —6 < 2; divide by —3 ‘6. 1 < 8; multiply by —10 
7. Copy and complete the table. 


Does the inequality symbol change directions? 


Fo a positive number a negative number 


Add 


Subtract 


Multiply by 


Divide by 


Apply the given rule to solve the inequality. 


8. x + 3 > 9; subtract 3 G). sear 7 = IDs ail =7/ 
10. 4x = 15; divide by 4 il, she & ile inal oy =3} 
12, 2x < 11; multiply by 5 13, —4x = 12; multiply by ~3 
14. x + 6 < 15; subtract 6 15. x — 2 = 90; add 2 
16. 5x < 25; divide by 5 17. —6x > 30; multiply by —Z 


6.1 Concept Activity 


Solving One-Step Linear 
Inequalities 


GYD Grarnine Linear INEQUALITIES 


W hal you should learn SERRE ERE EERE REE EERE RHEE RHEE EEE EEE EEE EE EEE EEE EEE EEE EERE EEE EEE EEE HEHEHE HEHE EEE EEE EEE EEE EEE EE EES 


GOAL ‘ G raph linear The graph of a linear inequality in one variable is the set of points on a number 
inequalities in one variable. line that represent all solutions of the inequality. 

2 -! 
GOAL Solve one-step VERBAL PHRASE INEQUALITY GRAPH 


linear inequalities. 
All real numbers 


; || s—-+— 
Why you should learn it less than 2 x<2 -3-2-1 01 2 3 


WV To describe real-life 


eae All real 
situations, such as the teal womper: 


speeds of runners in greater than —2 x>-2 =927 2% 0-1 2 3 
All real numbers piel — i — i 
less than or equal to 1 £1 3-7-1 0 1 2 3 


All real numbers 
greater than or equal to 0 ta0 3-2-1012 3 


An open dot is used for < or > and a solid dot for = or =. 


PEXAMPLE 1 | Write and Graph a Linear Inequality 


Sue ran a 2-kilometer race in 8 minutes. Write an inequality to describe the 
average speeds of runners who were faster than Sue. Graph the inequality. 


distance 
time 
greater than Sue’s average speed. 


SOLUTION Average speed is . A faster runner’s average speed must be 


VERBAL Distance 
MopEL Faster average speed > Snes tine 
~ 
LABELS Faster average speed = 5s (kilometers per minute) 
Distance = 2 (kilometers) 
| Sue’s time = 8 (minutes) 
ALGEBRAIC 2 
MODEL s > 8 Write linear inequality. 
S ul Simplif 
_ Sem : _ 
Look Back 4 n a a 
For help with inequalities, 1 1 1 3 1 1 3 
see p. 26. + 2 ~~ 3 fF t Gf | | 2 
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_ ee PGOAL 2) SOLVING ONE-STEP LINEAR INEQUALITIES 
Look Back 


For help with solving 


equations with addition Solving a linear inequality in one variable is much like solving a linear equation 

and subtraction, see in one variable. To solve the inequality, you isolate the variable on one side using 

pp. 132-134. transformations that produce equivalent inequalities, which have the same 
solution(s). 


TRANSFORMATIONS THAT PRODUCE EQUIVALENT INEQUALITIES 


Original Equivalent 
Inequality Inequality 


¢ Add the same number 
to each side. XSi Add3) OC X< 8 


¢ Subtract the same 
number from each side. x+6=10 Subtract6é. x=4 


GEV Using Subtraction to Solve an Inequality 


Solve x + 5 = 3. Graph the solution. 


SOLUTION 
xt3e3 Write original inequality. 


x+5—-523-5 Subtract 5 from each side. 
, 7) Simplify. 


> The solution is all real numbers greater than or equal to —2. Check several 
numbers that are greater than or equal to —2 in the original inequality. 


P EXAMPLE 3 | Using Addition to Solve an Inequality 


Solve —2 > n — 4. Graph the solution. 


[_ SOLUTION 
Study Tip —2>n-4 Write original inequality. 


Check several possible : 
solutions by substituting 2 on SA a Add 4 to each side. 


them in the original 
inequality. Also try some 
numbers that are not > The solution is all real numbers less than 2. Check several numbers that are less 


solutions to make sure i a8 ; . 
: than 2 in the original in lity. 
that they do not satisfy . e-Onerast nequalty 


the original inequality. 


2>n Simplify. 


6.1 Solving One-Step Linear Inequalities 


USING MULTIPLICATION AND DIVISION The operations used to solve linear 
Look Back inequalities are similar to those used to solve linear equations, but there are 


For help with solving important differences. When you multiply or divide each side of an inequality by 
equations with a negative number, you must reverse the inequality symbol to maintain a true 
multiplication and statement. For instance, to reverse >, replace it with <. 


division, see p. 138. 
TRANSFORMATIONS THAT PRODUCE EQUIVALENT INEQUALITIES 
Original Equivalent 
inequality inequality 


Multiply each side by the same 


positive number. eo 


Divide each side by the same 
positive number. 


Divideby3. x3 


Multiply each side by the same 
negative number and reverse —-x<4 Multiply by (=1))> x > —4 
the inequality symbol. 


Divide each side by the same 
negative number and reversethe -2x<6 _ Divide by(—2). x=-—3 
inequality symbol. 


EXAMPLE 4 ) Using Multiplication or Division to Solve an Inequality 


a. . = 12 Original inequality 
3° A =3-12 Multiply each side by positive 3. 
a= 36 Simplify. 


> The solution is all real numbers less than or equal to 36. Check several 
numbers that are less than or equal to 36 in the original inequality. 


b. —4.2m > 6.3 Original inequality 


—4.2m 6.3 
=40 S49 


Divide each side by —4.2 and reverse inequality symbol. 
m<—1.5 Simplify. 


> The solution is all real numbers less than — 1.5. Check several numbers that 


_ are less than —1.5 in the original inequality. 
£ cag, HOMEWORK HELP 


Visit our Web site AG 
www.mcdougallittell.com __;+—_+___+___}_++ —_ + 
for extra examples. 4 3 2 1 0 1 
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GUIDED PRACTICE 


Vocabulary Check J 1. Since x — 3 <5 and x < 8 have the same solution, they are _? inequalities. 


Concept Check J Write a verbal phrase that describes the inequality. 
2.x%>—-7 3.x< 1 4.9=x 5.10=x 


ERROR ANALYSIS Describe and correct the error. 


Tell whether you should use an open dot or a closed dot on the graph of 
the inequality. 


8.x <3 9.x> 10 10.x=5 
11.3x+5<4 12.5x —3=212 13. —2x-1=3 


Skill Check / Solve the inequality and graph its solution. 
14.-2+x<5 15. -3<y+2 16. —2b < -8 
17.x—4> 10 18. 5x > — 45 19. —6y = 36 


®) COLLECTIBLES In 1997 a software 
executive bid $19,550 for Superman’s cape 
from the 1978 movie Superman. This was 
the highest bid. 


20. Let b represent the amount of a bid for the 
cape. Write an inequality for b. 


21. Graph the inequality. 


PRACTICE anp APPLICATIONS 


COCO E REET HEHEHE EEE EE EEE EEE EEE EE EE EEE EEE EEE EEE EEE EEEEE EEE EEEEEEE EEE EEE EEE EEE EEE TEESE EEEEEEEEEEEEEEEEEEEEEE EEE EEES 


_ GRAPHING Graph the inequality. 
Extra Practice 22.x > —2 23. x < 16 24.x 57 


to help you master 
skills is on p. 802. 25. x = —6 26.2=x 27.2.55x 


28.1 =-x 29. -10 = -x 30. x < —0.5 


SOLVING AND GRAPHING Solve the inequality and graph its solution. 


[_ aaa 31.x+6<8 32.-5<4+x 33. -4+x<20 
HOMEWORK HELP 


Example 1: Exs. 22-30, 34.8 +x=-9 35.p —122=-1 36. -2>b—5 
61-63 
Examples 2, 3: 37.x—3>2 38.x-S5=21 39.6<c+2 


Example 4: Exs. 46-60 
43.-2+x<0 44.-10>a-6 45.5+x=-5 


6.1 Solving One-Step Linear Inequalities 


FOCUS ON 
APPLICATIONS 


Jes MERCURY A 
> melting point is the 


temperature at which a solid 
becomes a liquid. Mercury is 
used in thermometers. It is 
the only metal that is a liquid 
at room temperature. 


ASONE; 
in APPLICATION LINK 
www.mcdougallittell.com 


SOLVING INEQUALITIES Solve the inequality. 


46. 15p < 60 47. —10a > 100 48. == <17 

49. 11 = —2.2m 50. —18.2x = —91 51. 2.1x < —10.5 
—_*x 4 = _ Xe _ 

23S 53.7 = 2 BFS =9 


SOLVING AND MATCHING In Exercises 55-60, solve the inequality. Then 
match its solution with its graph. 


A. <j} = B. <4} +} HH OC—*=e st lll 
-1 0 1 2 8 10 -9 -—8 —7 —-6 3 4 5 6 7 


Dow+4+4++ ++ E «+++ +++ Fei t++++- 
=1 0 1 2 3 


3 4 5 6 7 10 -—9 —-8 -7 -6 
55. x — 3.2<1.8 56.x+4<6 57. 10x > 50 
58. x —2=—10 59. a <0 60. —3.5x = 28 


61. % WALKING RACE You finish a three-mile walking race in 27.5 minutes. 
Write an inequality that describes the average speed of a walker who finished 
after you did. 


62. ESET CONNECTION Mercury is the metallic element with the lowest 
melting point, —38.87°C. Write an inequality that describes the melting 
point p (in degrees Celsius) of any other metallic element. 


63. 8 LARGEST MARLIN The world record for the largest Pacific blue marlin 
is 1376 pounds. It was caught in Kaaiwi Point, Kona, Hawaii. Let M 
represent the weight of a Pacific blue marlin that has been caught. Write an 
inequality for M. Graph the inequality. > Source: International Game Fish Association 


64. % BOWLING TOURNAMENT After two games of bowling, Brenda has a 
total score of 475. To win the tournament, she needs a total score of 684 or 
higher. Let x represent the score she needs for her third game to win the 
tournament. Write an inequality for x. What is the lowest score she can get 
for her third game and win the tournament? 


65. ‘§ STEEL ARCH BRIDGE The 
longest steel arch bridge in the 
world is the New River Gorge 
Bridge near Fayetteville, West 
Virginia, at 1700 feet. Write an 
inequality that describes the 


Dy, 


length / (in feet) of any other ei a Bas 
steel arch bridge. Graph the 
inequality. 


‘4 MUSICAL INSTRUMENTS Write an inequality to describe the frequency 
range f of the instrument. 


66. The frequency range of a guitar is from 73 hertz to 698 hertz. 
67. The frequency range of cymbals is from 131 hertz to 587 hertz. 
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SEDr 
Test és) 68. MULTI-STEP PROBLEM You start your 
Preparation own business making wind chimes. Your 
equipment costs $48. It costs $3.50 to 
make each wind chime. You sell each 
wind chime for $7.50. The graph shows 
your total costs. 


Wind Chime Sales 


Dd 
o 
oOo 


a 
i 
= 
oc 
xs 150 
Pa 
7) 
3 
o 


a. Copy the graph. On the same graph 
draw the line that represents the total 
revenue for different numbers of 


0 
wind chimes sold. ee ea 


Quantity 


b. How many wind chimes must you sell 
before you start making a profit? 


c. Write an inequality that describes the number of wind chimes you must 
sell before you start making a profit. 


* Chal lenge 69. REVERSING INEQUALITIES Explain why you must reverse the direction of 
the inequality symbol when multiplying by a negative number. Give two 
examples to support your reasoning. 


70. LOGICAL REASONING Explain why multiplying by x to solve the 
www.mcdougallittell.com inequality 2 > 2 might lead to an error. 


MIxeD REVIEW 


COCO OOHEE EEE HEHE EEE HHE EEE EE EEE TEESE EEE EE EOEEEEEE EEE EEE EEE EE EEEE EEE HEHEHE EEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEESD 


SOLVING EQUATIONS Solve the equation. (Review 3.3 for 6.2) 


71. 45b -3 =2 72. —5x + 50 = 300 73. —3s -2=—44 
I ore x = i 
74, ax +5 = —4 75. +4=18 76. —8 = 3a —5 
Wxtwe+5=14 78. 3(x — 6) = 12 79.9 = —3(x — 2) 


WRITING EQUATIONS Write the slope-intercept form of the equation of the 
line that passes through the two points. Graph the line. Label the points 
where the line crosses the axes. (Review 4.3, 5.3) 


80. (1, 2), (4, -1) 81. (2, 0), (-4, —3) 82.11, 1),(=3,3) 
83. (—1, 4), (2, 4) $4. 1, =3), (2,3) 85. (5, 0), (5, —2) 
86. ‘7 EXAM GRADES There are 20 questions on an exam, each worth 

5 points. Your percent grade p varies directly with the number n of correct 


answers. Find an equation that relates p and n. What is your percent grade 
if you get 17 correct answers? (Review 4.5) 


87. “) BIKE RIDING The table shows the time ¢ (in minutes) and the distance d 
(in miles) that Maria rode her bike each week. Write a model that relates the 
variables d and t. (Review 4.5) 


Distance (miles), d 0.36 | 0.60 | 1.20 | 1.44 _ 


6.1 Solving One-Step Linear Inequalities 


Solving Multi-Step Linear 
Inequalities 


GY) sowvine muiti-step Inequaities 


What. you I a. .asccneusesnsovenencoesvsusecnsoencoenvancoeneneneoensasasescncesnensseseosssevonsorasesseessscnenses 


Solve multi-step In Lesson 6.1 you solved inequalities using one step. In this lesson you will learn 
linear inequalities. how to solve linear inequalities using two or more steps. 


SG Use linear 


inequalities to model and 


solve real-life problems, as EXAMPLE 1 } Using More than One Step 


in the business problem in 
Example Solve 2y — 5 <7. 


Why you should learn it 
SOLUTION 


V To describe real-life 
problems, such as city 
population growth in Ip 12 Add 5 to each side. 
Nashville, Tennessee, 


in Example 3. Lin. 


2y-5<7 Write original inequality. 


y<6 Divide each side by 2. 


} The solution is all real numbers less than 6. 


T EXAMPLE 2 ] Multiplying or Dividing by a Negative Number 


Solve the inequality. 
a.5-—x>4 b. 2x —-4=24x—-1 
SOLUTION 
a. 5-x>4 Write original inequality. 
-x>—-l Subtract 5 from each side. 


(—x)(-1) < (-1)(-1) Multiply each side by —1. Reverse inequality symbol. 
x<l Simplify. 


> The solution is all real numbers less than 1. 


b. 2x —-4=24x- 1 Write original inequality. 
2x 24x + 3 Add 4 to each side. 
—2x% = 3 Subtract 4x from each side. 
L= -3 Divide each side by —2. Reverse inequality symbol. 


_ ee > The solution is all real numbers less than or equal to -3. 
s HOMEWORK HELP 


( Visit our Web site Jy part (b) of Example 2, you could begin by subtracting 2x from each side. Your 
www.mcdougallittell.com 


for extra examples. solution would still be all real numbers less than or equal to 3. 
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PGOAL 2) MODELING AND SOLVING REAL-LIFE PROBLEMS 


GIVE Writing a Linear Model 


In 1990 Nashville, Tennessee, had a population 
of 985,000. From 1990 through 1996, the 
population increased at an average rate of 
about 22,000 per year. Write a linear model 

for the population of Nashville. 


Nashville Population 


SOLUTION 


To write a linear model of the population of 
Nashville, express the population as the 1990 


population plus 22,000 per year. 123 4 5 6 f 
Years since 1990 


es 
“n 
cs 
a 
co 
2) 
Ss 
i=) 
= 
— 
< 
(=) 
S 
-_ 
1] 
= 
i=) 
a 


Let N represent the population of Nashville. 

"5. DATA UPDATE of U.S. Bureau of the 
Let ¢ represent the number of years since 1990. =" Census data at www.medougallittell.com 
Population = 1990 population + 22,000 + Years since 1990 


N = 985,000 + 22,000r 


m © ACTIVITY 


Developin . : : 
Concent: Investigating Problem Solving 


@ In 1990 Las Vegas, Nevada, had a population of 853,000. From 1990 through 
1996, the population increased at an average rate of about 58,000 per year. 
Write a linear model for the population of Las Vegas. Let L represent the 
population of Las Vegas. 


® Graph your linear model from Step 1. Graph the linear model from Example 3 
in the same coordinate plane. According to the models, in what year will the 
populations be the same? 


© Write and solve a linear inequality to 
find the year that the population of 
Las Vegas exceeded the population of 


Nashville. Population Population 


© In which years was the population of d of Las Vegas of Nastville 
Las Vegas less than the population of 5 


6 Date eet 
Nashville? Oda (2 oT) 2 eens 


ie N 


@ Write an inequality to represent the 
numbers of years y (since 1990) in 
which the population of Las Vegas 
was less than the population of 
Nashville. 


6.2 Solving Multi-Step Linear Inequalities 


ay GLEE) Writing and Using a Linear Model 
ishing 


You see an advertisement for instructions 

on how to tie flies for fishing. The cost of — tie flies 
materials for each fly is $.15. You plan to as lame foe poe a 
sell each fly for $.58, and you want to make | 


a profit of at least $200. How many flies wae 
will you need to tie and sell? — 


Illustrated 
step-by-step book 
SOLUTION shows you how! 
Your total expenses will be $.15 per Send $13.95 plus $1.05 for 


; : h d handling to: 
fly, plus $15 for the instruction book. on aaa Recep yo 


VERBAL Price Number of Total = Desired 
MopEL per fly|"  fliessold ~ |expenses| | profit 
+ 


LABELS Price per fly = 0.58 (dollars per fly) 


Number of flies sold = x (flies) 


Total expenses = 0.15x + 15 (dollars) 


| Desired profit = 200 (dollars) 
ALGEBRAIC 0.58 x — (0.15x + 15) = 200 Write algebraic model. 
MODEL 

0.58x — 0.15x — 15 = 200 Use distributive property. 

0.43x — 15 = 200 Combine like terms. 

0.43x = 215 Add 15 to each side. 
x = 500 Divide each side by 0.43. 

FOCUS ON > You need to tie and sell at least 500 flies. 


APPLICATIONS 
WA CHECK You can check your result graphically by graphing equations for sales 
and for expenses separately. 


Fly Tying Business 


< 


(500, 290), 


—- © we wW 
a so a GS 
— rn —  — —) 


Expenses: 
y = 0.15x + 15 


= 
a oo 
Co oO 


— 
2) 
— 
& 
o 
cs 
= 
n 
{-*) 
7) 
S 
o 
a 
x 
oa 
cs 
i= 
© 
” 
a 
n” 


Jee FLY FISHING 
Ss In fly fishing, flies 
are He seats hair, 0 100 200 300 400 500 600 * 
or other materials. |hey are Number tied and sold 


intended to look like insects. 


oOo 
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GUIDED PRACTICE 


Vocabulary Check J 1. Explain why an inequality such as 3a + 6 = 0 is called a multi-step 
inequality. Give another example of a multi-step inequality. 


Concept Check J 2. Describe the steps you could use to solve the inequality —3y + 2 > 11. 


ERROR ANALYSIS Describe and correct the error. 


3. 4. 
Skill Check / Solve the inequality. 
B.y+2>-1 6. —2x< —14 1. we 
8. 4y —3 < 13 9.5x+12= 62 10.10 -—c=6 
11.2-—x>6 12. 3x +25 7x 13.2x-—1>6x+2 


14. % BUSINESS In Example 4, how many flies will you need to tie and sell to 
make a profit of at least $150? 


PRACTICE anp APPLICATIONS 


COPS OTHE EEE EEE EEE EH HEE E EEE E TEST EE EEE EEEEEE EEE OEEEE EE SEEE EEE EEEE EEE EEEEEEEEEEEE EEE EEEE EEE EEEEEEEEEESEEEEEEEEEEEEEEHEEEEEEEES 


_ a SOLVING INEQUALITIES Solve the inequality. 
Extra Practice bss > =13 16.15 —x<7 17. —5 = 6x — 12 


to help you master 


21. 6x + 5 < 23 22. -17 >5x- 2 23. -x +92 14 
24.4x -—-1=—-17 25.12 > —2x-6 26. —x-4>3x-2 
27.24 +3=11 28.6>2r-1 29. Sr +3<7 
30. 3x + 1.2 < —-7x—- 1.3 31.x +352 — 4) 

32. 2x + 10=7( + 1) 33. —x + 4 < 2(x — 8) 

34. —x +6 > —(2x + 4) 35. —2(x + 3) <4x-7 


36. % POPULATION In 1990 Tampa, Florida, had a population of 280,015. 
From 1990 through 1996, the population increased at an average rate of 


_ ae about 850 per year. Write a linear model for the population of Tampa. 
HOMEWORK HELP > Source: U.S. Bureau of the Census 

Sine kK a nee 37. % AMUSEMENT PARK An amusement park charges $5 for admission and 
Example 3: Ex. 36 $1.25 for each ride. You go to the park with $25. Write an inequality that 
Example 4: Exs. 37, 39 represents the possible number of rides you can go on. What is the maximum 


number of rides you can go on? 


6.2 Solving Multi-Step Linear Inequalities 


NE, 
es 3 HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for help with problem 
solving in Ex. 39. 


FOCUS ON 
APPLICATIONS 


{ 
we 


° ANIMATED FILMS 
> s begin with animators’ 


drawings. Artists trace the 
drawings onto sheets of 
acetate called ce/s and then 
paint the cels. 


38. % SWEETENERS From 1980 to 1995, Sugar Sweeteners 
the per capita consumption of sugar vs. Corn Syrup 
sweeteners dropped from 83.6 pounds to 
65.5 pounds. The per capita consumption 
of corn syrup rose from 38.2 pounds to 
83.2 pounds. For which years did the 
per capita consumption of corn syrup 
exceed sugar sweeteners? 


39. “PIZZA You have $18.50 to spend on 
pizza. It costs $14 plus $.75 for each 5 10 15 
additional topping, tax included. Solve an Years since 1980 
inequality to find the maximum number 
of toppings the pizza can have. > Source: U.S. Department of Agriculture 


i= 
im] 
n 
= 
o 
a 
o 
i—* 
” 
cs 
i= 
Ss 
i=) 
-5 


% ANIMATED FILMs In Exercises 40-42, you are working as an animator. 
Each frame in an animated feature film takes at least one hour to draw. 


When projected, 35-millimeter film runs at 24 frames per second. A 23-hour 
movie has about 216,000 frames. 


40. Write an inequality that describes the number of hours it would take to draw 


the frames needed for a 15-hour animated feature film. 


41. You are part of a team of 36 artists, each working 40 hours per week for 
45 weeks per year. How many years would it take your team to draw the 


15-hour animated feature film? 


42. LOGICAL REASONING If you doubled the size of your team, how would that 
affect the time it would take to draw the film? 


CONNECTION Write an inequality for the values of x. 


43. Area > 36 square meters 44. Area = 25 square meters 
x x 
an 10m 
45. Area < 30 square feet 46. Area < 144 square inches 
2 ft 24 in. 
1 x 
4ft 
47. Area = 25 square inches 48. Area > 60 square centimeters 
x 12 cm 
5 in. x 
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ED 
Test éS) 49. MULTIPLE CHOICE Ata grocery store, four oranges cost $2.39 and kiwi 
Prep aration fruit costs $.69 each. If you have $5 to spend and you buy four oranges, 
which inequality represents the number of kiwi fruit you can buy? 


Bxs=3 B x=3 OH x>3 Mx*<7 
50. MULTIPLE CHOICE The Glee Club budgeted $250 for food for the annual 
Spaghetti Supper. Each meal costs $1.75 to prepare. Which inequality 
represents the number of meals that can be prepared without going over 

the budget? 
ZB x = 143 BB x= 143 Om x= 142 @®D «= 142 


51. MULTIPLE CHOICE For Park College’s basketball games, it costs $15 to 
attend. A season’s pass costs $170. At most, how many games could you 
attend at the $15 price before spending more than the cost of a season’s pass? 


@) 10 B® 11 © 15 @ 17 


%& Challenge 52. GRAPHICAL REASONING Use the graph of y = Sx — 2 to solve the 


inequality 2x — 2 <0. Explain your reasoning. 
53. GRAPHICAL REASONING Use the graph of y = —2x + 4 to solve the 
www.mcdougallittell.com inequality —2x + 4 > 0. Explain your reasoning. 


MIxeD REVIEW 


COCO TEETH EEE H EEE E EEE EET EEE EE EEE THEE EEE EE EEE EEE EOE SEESEEE SEE EEEE EEE EEEEEE EEE SEES EE EEEEEESEEESEEEEEEEESEESEESEEEE ESOS 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.3, 2.7) 


54. (a + 4) — 8 whena = 7 55. 3x + 2 when x = —4 

56. b> — 5 when b = 2 57. 2(r + s) when r = 2and s = 4 
2 

58. x7 — 3x when x = 5 59. "> whena = 4 and b = —9 


TRANSLATING VERBAL SENTENCES Translate the verbal sentence into an 
equation or an inequality. (Review 1.5 for 6.3) 


60. Sarah’s height S is 4 inches more than Joanne’s height J. 


61. The number of tickets t sold this week is more than twice the number of 
tickets / sold last week. 


WRITING INTEGERS In Exercises 62 and 63, write an integer to represent 
the situation. (Review 2.1) 


62. a loss of $12 63. three feet above ground 


64. % SHOPPING TRIP You buy a pair of shoes for $42.99, a shirt for $14.50, 
and a pair of jeans for $29.99. You have a coupon for $10 off your purchase. 
How much did you spend? (Review 1.3) 


65. % PROBABILITY You put 20 slips of paper in a hat. Eight slips are yellow, 
five slips are blue, and the rest are red. Without looking, you reach into the 
hat and choose a slip of paper. What is the probability that the slip of paper is 
not blue? (Review 2.8) 


6.2 Solving Multi-Step Linear Inequalities 


Solving Compound 
Inequalities 


@2Y® sowvine compounn Inequatities 


W hat you should learn RRR eee RENEE REE E EEE EERE E REESE EEE EERE E EERE EEE EEE EEE EEE EERE EEE EE EEE EERE SESE EEE EEE EEE EE EEE EES 


GD Write, solve, and In Lesson 6.1 you studied four types of simple inequalities. In this lesson you 


graph compound inequalities. Wit) study compound inequalities. A comp l inequality consists of two 
Model a real-life inequalities connected by and or or. 

situation with a compound 

inequality, such as the GEVESD Writing Compound inequalities 


distances in Example 6. 


Why you should learn it Write an inequality that represents the set of numbers and graph the inequality. 


Y To describe real-life a. All real numbers that are greater than zero and less than or equal to 4. 
situations, such as elevations 
on Mount Rainier 


in Example 2. 
; Pic 4 SOLUTION 
‘ 


aO<x=4 1 9 123 4 5 


b. All real numbers that are less than —1 or greater than 2. 


This inequality is also written as0 <x andx = 4. 


_ —_—?— Oe 
b.x<—-lorx>2 29-1012 3 4 


GLE Compound inequalities in Real Life 


Write an inequality that describes 
the elevations of the regions of 
Mount Rainier. 


a. Timber region below 6000 ft 


b. Alpine meadow region below > a PP. + Glacier and permanent 
7500 ft Qe SZ snow field region 


c. Glacier and permanent snow 
field region 


Alpine meadow region 


SOLUTION Let y represent the ; 
approximate elevation (in feet). © Timber region 


a. Timber region: 
2000 = y < 6000 


b. Alpine meadow region: 
6000 = y < 7500 


c. Glacier and permanent 
snow field region: 
7500 = y = 14,410 
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_ a T EXAMPLE 3 | Solving a Compound Inequality with And 
gr}, HOMEWORK HELP 


Visit our Web site Solve —2 = 3x — 8 = 10. Graph the solution. 
www.mcdougallittell.com 
for extra examples. SOLUTION 
Isolate the variable x between the two inequality symbols. 


—2=3x-8=10 Write original inequality. 
653x= 18 Add 8 to each expression. 
2=Sx<6 Divide each expression by 3. 


> The solution is all real numbers that are greater than or equal to 2 and less than 
or equal to 6. 


GLVTD Solving a Compound Inequality with Or 
Solve 3x + 1 <4 or 2x — 5 > 7. Graph the solution. 


SOLUTION A solution of this inequality is a solution of either of its simple parts. 
You can solve each part separately. 


3x +1<4 or 24= 5. > 7 
3x <3 or 2x > 12 
x<l or x>6 


> The solution is all real numbers that are less than | or greater than 6. 


EXAMPLE 5 ] Reversing Both Inequality Symbols 


Study Tip Solve —2 < —2 — x < 1. Graph the solution. 


When you multiply or 
divide by a negative 


number to solve a SOLUTION 
compound inequality, Isolate the variable x between the two inequality signs. 
remember that you have 
to reverse both —2<-2-x<l Write original inequality. 
inequality symbols. 
0<-x<3 Add 2 to each expression. 
O>x>-3 Multiply each expression by —1 and reverse both 


inequality symbols. 


> To match the order of numbers on a number line, this compound inequality is 
usually written as —3 < x < 0. The solution is all real numbers that are greater 
than —3 and less than 0. 


6.3 Solving Compound Inequalities 


PGOAL 2) MODELING REAL-LIFE PROBLEMS 


Bi Le GTN Modeling with a Compound Inequality 
oe 


You have a friend Bill who lives three miles from school and another friend Mary 
who lives two miles from the same school. You wish to estimate the distance d 
that separates their homes. 


a. What is the smallest value d might have? 
b. What is the largest value d might have? 
c. Write an inequality that describes all the possible values that d might 


have. 


SOLUTION 


DRAW A DIAGRAM A good way to begin this problem is to draw a diagram with 
the school at the center of a circle. 


<\ Bills home is 


somewhere 


; on this circle. 


Mary’s home 
is Somewhere 
on this circle. 


Bill’s home is somewhere on the circle with radius 3 miles and center 
at the school. 


Mary’s home is somewhere on the circle with radius 2 miles and 
center at the school. 


a. If both homes are on the same b. If both homes are on the same line 
line going toward school, the but in opposite directions from 
distance is | mile. school, the distance is 5 miles. 


Vee Bill’s home Bill's home 
Mary's 


home 


c. The values of d can be described by the inequality 1 <d <5. 
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GUIDED PRACTICE 


POCO CEES EEE TELE HEHE EEEEESE TELE SEE EEEEEESE TSE E HOSTS EE EOES EEOC ESOT EE OSEESETEE ESET EEOSEESETEE ESOL ESESEDELEEESEOLOEE ESE ES 


Vocabulary Check mi 1. Write a compound inequality and explain why it is a compound inequality. 
Concept Check J 2. Write a compound inequality that oe 
describes the graph at the right. 5-4-3 -2 -1 0 1 


Skill Check WRITING INEQUALITIES Write an inequality that represents the statement 
and graph the inequality. 


3. x is less than 5 and greater than 2. 4. x is greater than 3 or less than —1. 


Solve the inequality. 


5.7<4+x<8 6. -1<2x+35 13 
7.6<4*%-2= 14 8. 4x —1>7o0r5x-—1< —-6 
9.2x+3<—-lor3x-—5>-2 10.4 -8-x<7 


11. In Example 6, write an inequality that describes the situation if you live 
two miles from school and your friend lives one mile from the same school. 


PRACTICE ano APPLICATIONS 


COCO EEE EE HEHEHE EEE E HEHEHE EEE EEE EEEE EEE EEE EE EEE EEE EEE EE EEEE EEE EEEE EEE TEESE EEE EEEH EEE EEEEEE EEE EEE EEE EEEEEEEEEEEEEEEEEEES 


WRITING INEQUALITIES Write an inequality that represents the statement 
Extra Practice and graph the inequality. 


to help you master 


ee 12. x is less than 8 and greater than 3. 13. x is greater than 7 or less than 5. 
skills is on p. 802. 


14. xis less than 5 and is at least 0. 15. xis less than 4 and is at least —9. 


16. x is less than —2 and is at least —4. 17. x is greater than —6 and less than —1. 


SOLVING INEQUALITIES Solve the inequality. Write a sentence that 
describes the solution. 


18.6<x—-658 19. -5<x-3<6 
20.-4<2+x<1 21.8=2x+6= 18 

22.6 + 2x >200r8+x=0 23. —3x —-7=8or -2x- 115-31 
24. -4 <5 —3x —- 13 S$ 26 25.-13=5-2x<9 


GRAPHING INEQUALITIES Solve the inequality and graph the solution. 
26.3 =2x<7 27. —25 < 5x < —20 
28. -5 <3x+4< 19 29.-4=9x-1<5 
[ Se 30. 2x + 7<30r5x+5=210 31.3x +8 >170r2x+557 
Example 1: Exs. 12-17 


Example 2: Exs. 36-38 CHECKING SOLUTIONS Solve the inequality and graph the solution. Then 


Example 3: Exs. 18-35 check graphically whether the given x-value is a solution by graphing the 
Example 4: Exs. 18-35 x-value on the same number line. 
Shia 32. -4<4x-8<12;x=1 33. -1<7x- 15=20;x=5 


Example 6: Exs. 41-44 
34. —2x = 6o0r2x +1 >5,x=0 35.7 < —2x+ 21<31;x=0 


6.3 Solving Compound Inequalities 


APRRIEEEONS 36. “) PRICES OF FINE ART In 1958, the painting Still Life with Apples by Paul 
Cézanne sold at auction for $252,000. The painting was auctioned again in 
1993 and sold for $28.6 million. Write a compound inequality that represents 
the different values that the painting probably was worth between 1958 and 
1993. 


37. (§) TELEVISION ADVERTISING In 1967 a 60-second TV commercial during 
the first Super Bowl cost $85,000. In 1998 advertisers paid $2.6 million for 
60 seconds of commercial time (two 30-second spots). Write a compound 
inequality that represents the different prices that 60 seconds of commercial 


ag FINE ART time during the Super Bowl probably cost between 1967 and 1998. 
a The painting above ’ . 
is Still Life with Apples by 38. Sj ANTELOPES The table gives Antelope Weight (Ih) 


Paul Cézanne. Another of the weights of some adult antelopes. 


Cézanne’s paintings, Still Life The eland is the largest antelope in 

with Curtain, Pitcher and Africa. The royal antelope is the Kudu 700 

Bowl of Fruit, sold at auction smallest of all. Write a compound 

for $60.5 million in 1999. inequality that represents the Nyala 280 
different weights of these adult Springbok 95 
antelopes. Royal 7 


39. LOGICAL REASONING Explain why the inequality 3 < x < | has no 
solution. 


40. LOGICAL REASONING Explain why the inequality x < 2 or x > | has every 
real number as a solution. 


ESET} CONNECTION Use the diagram of distances in our solar system. 


41. Which compound inequality 
best describes the distance d 
(in miles) between the Sun and 
any of the nine planets? 
A.10'< a= 10" 
B. 10°<d< 10!! 
c.10° < d< 10" 
Jupiter 
42. Write an inequality to describe Neptune 
an estimate of the distance d 


(in miles) between the Sun 
and Mercury. Mercury 


43. Write an inequality to describe Mars 
an estimate of the distance d 
(in miles) between the Sun and 
Saturn. 


44. The Moon’s distance d 
(in miles) from Earth varies 
from about 220,000 miles to 
about 250,000 miles. Write 


an inequality to represent 
this fact. Not drawn to scale 


Uranus 
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lola»). 
Test €2) 45. MULTI-STEP PROBLEM You have a friend Kiko who lives one mile from a 
Preparation pool. Another friend D’evon lives 0.5 mile from Kiko. Kiko walks from her 
home to the pool, where she meets D’evon. They both walk from the pool to 
D’evon’s home and then to Kiko’s home. 
<The pool is on 


a. Write an inequality that describes me 
this circle. 


the values, d, of the possible 
distances that D’evon could live 


from the pool. Kiko’s home 
b. Write an inequality that describes the pomause 

values, D, of the possible distances somewhere on 

that Kiko could have walked. this circle. 


(Assume that each part of the walk followed a straight path.) 


* Challenge CONNECTION Write a compound inequality that must be satisfied 
by the length of the side labeled x. Use the fact that the sum of the lengths 
of any two sides of a triangle is greater than the length of the third side. 


46. 47. 


www.mcdougallittell.com 6 


48. 11.75 


5.5 


MIxeD REVIEW 


CORREO EERE EEE EEE E THEE HEHEHE ETE EEE EEE EEE EEE SETHE EE EEE EEE EE EE EEE E EEE EEE EE ET EEE EEE EEE EEE ESSE EEE HEHE EEE EEEE EEE EEEEE EEE OES 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.1) 
49. x + 5 when x = 2 50. 6.5a when a = 4 51. m — 20 when m = 30 


52. i. when x = 30 53. 5x when x = 3.3 54. 4.2p when p = 4.1 
SOLVING EQUATIONS Solve the equation. (Review 3.1, 3.2 for 6.4) 


be 7 = 5 56. 8 = x + 25 b.e—4e. 5hx- Coe 15 


59. 4x = —6 60.-3x=-27 61. 4r=-28 62. -3x = 21 
@8.x+3.2=11 64x-4=16.7 68-=-5  66.2x=-25 


67. % ICE SKATING An ice skating rink charges $4.75 for admission and skate 
rental. If you bring your own skates, the admission is $3.25. You can buy a 
pair of ice skates for $45. How many times must you go ice skating to justify 
buying your own skates? (Review 3.4) 


% HIKING You are hiking a six-mile trail at a constant rate in Topanga 
Canyon. You begin at 10 A.M. At noon you are two miles from the end of 
the trail. (Review 5.5) 


68. Write a linear equation that gives the distance d (in miles) from the end of the 
trail in terms of time f. Let f represent the number of hours since 10 A.M. 


69. Find the distance you are from the end of the trail at 11 A.M. 


6.3. Solving Compound Inequalities 


Quiz 1 Self-Test for Lessons 6.1-6.3 


In Exercises 1-13, solve the inequality and graph the solution. 


(Lessons 6.2 and 6.3) 

1.x+2<7 2.-34+%x2=-11 3. 3.4x = 13.6 
4.5255 5. —4x 2214 6. —5<x—-8<4 

7. -x-—4>3x-12 8.x+3<=2«-7) 9. —10 < —4x — 18 < 30 
10=3< 4 +60r—3 > 4 11.2 =“£< —3 or 2x + 14 = 12 


12. 2x — 6 < —8 or 10 — 5x < —-19 13. 6x — 2 > —-7or -3x-1> 11 


14. & AMUSEMENT PARK A person must be at least 52 inches tall to ride the 
Power Tower ride at Cedar Point in Ohio. Write an inequality that describes 
the required heights. (Lesson 6.1) 


15. “) TEMPERATURES The lowest temperature ever recorded was — 128.6°F 
at the Soviet station Vostok in Antarctica. The highest temperature ever 
recorded was 136°F at Azizia, Libya. Write a compound inequality whose 
solution includes all of the other temperatures T ever recorded. (Lesson 6.3) 


> Source: National Climatic Data Center 


a APPLICATION LINK 


History of Communication www.medougallittell.com 


| THEN IN 1860 you could send a message from St. Joseph, Missouri, 
to Sacramento, California, in 10 to 11 days via Pony 
Express. By 1884 you could send a message in at least 43 days 


by transcontinental railroad. 


BY 1972 it took less than a second to send a message across 
the country via e-mail. 


Write an inequality to represent the time it took to send 
the message. 


1. Via Pony Express. Let ¢ represent the time (in days). 
2. Via transcontinental railroad. Let t represent the time (in hours). 
3. Via e-mail. Let ¢ represent the time (in seconds). 


-- Pony Express 


Transcontinental 
: Railroad 


Air mail 
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Solving Absolute-Value 
Equations and Inequalities 


€2) souvine Asso.ute-VALUE Equations 


W hal you should learn ROR ERR ERE EERE EERE EERE EE EEE REET E EEE EEE EEE EEE EEE EE EEE EEE EEE EEE EEE EEE EEE EEE EERE SHEER EE EEES 


Solve absolute- You can solve some absolute-value equations using mental math. For instance, 
value equations. you learned in Lesson 2.1 that the equation |x |= 8 has two solutions: 8 and —8. 
2 5 ; ae 
— Solve absolute To solve absolute-value equations, you can use the fact that the expression inside 


value inequalities. 


Why you should learn it 


To sol I-life probl : ; 
ey eee ees T EXAMPLE 1) Solving an Absolute-Value Equation 


such as finding the 
wavelengths of different 
colors of fireworks in Solve | x —2 | =5. 


Exs. 65-68. Lig 
ra SOLUTION 


Because | x = 2 | = 5, the expression x — 2 can be equal to 5 or to —5. 


the absolute value symbols can be either positive or negative. 


x — 21S POSITIVE x — 21S NEGATIVE 
|x-2|=5 |x-2|=5 
x-2=4+5 x-2=-5 
x=7 x=-3 


> The equation has two solutions: 7 and —3. 


WA CHECK Substitute both values into the original equation. 
|7-2|=|5|=5 |-3 -2|=|-5|=5 


EXAMPLE 2 ] Solving an Absolute-Value Equation 


Solve |2x — 7|-5 = 4. 


SOLUTION 
Isolate the absolute-value expression on one side of the equation. 
2x — 71S POSITIVE 2x — 71S NEGATIVE 
|2x -7|-5=4 |2x -7|-5=4 
|2x -7|=9 |2x-7|=9 
2x-7= +9 2x-7=-9 
2x = 16 2x = —-2 
x= 8 x=-l1 


> The equation has two solutions: 8 and —1. Check these solutions in 
the original equation. 


6.4 Solving Absolute-Value Equations and Inequalities 


PGOAL 2) SOLVING ABSOLUTE-VALUE INEQUALITIES 


Recall that | x| is the distance between x and 0. If | x| < 8, then any number 
between —8 and 8 is a solution of the inequality. 


© ACTIVITY 


AAI ssssczrcces-eaozressnnencenssccarszannnnneatssentanronnseeenoccatons 
Coreen Investigating Absolute-Value Inequalities 


Use Guess, Check, and Revise to find values of x that satisfy each absolute- 
value inequality. Graph the solution set on a number line. Then use a 
compound inequality to describe the solution set. 


1.|x|<2 2.|x+2|=1 Sh la—3|=2 


You can use these properties to solve absolute-value inequalities and equations. 


SOLVING ABSOLUTE-VALUE EQUATIONS AND INEQUALITIES 


Each absolute-value equation or inequality is rewritten as two equations or 
two inequalities joined by and or or. 


* |ax+ bl<c means) ax+b<c and ax+b>-c. 
|ax+ bl<c means 9) ax+ bSc and ax+b=-c. 


|ax+ bl=c means 9 €aX+ b=c or ax+b=-—c. 


|ax+ bl>c ~»ax+b>c or axt+b<-e. 


|ax+ bl=c ~)axt+b=c or ax+bs-e. 


Notice that when an absolute value is /ess than a number, the inequalities are 
connected by and. When an absolute value is greater than a number, the 
inequalities are connected by or. 


GEV) Solving an Absolute-Value Inequality 


Solve |x -—4| <3. 


SOLUTION 
x — 41S POSITIVE x — 41S NEGATIVE 
When you rewrite an x-4< 43 x —4> —3 <— Reverse inequality symbol. 
absolute-value 
inequality, reverse the x<7 x>1 
inequality symbol in the or, ; 
inequality involving —c. > The solution is all real numbers greater than | and less than 7, which can be 


So . a written as 1 <x< 7. 
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ee Gan Solving an Absolute-Value Inequality 
see HOMEWORK HELP 


Visit our Web site Solve | 2x +1 | — 3 = 6. Then graph the solution. 
www.mecedougallittell.com 


for extra examples. SOLUTION 
2x + 11S POSITIVE 2x + 11S NEGATIVE 
|2x+1|-3=6 |2x+1]|-3=6 
|2x+1|=9 jax +1|=9 
2x+12+9 2x + 1 <= —9 <— Reverse inequality symbol. 
2x =8 2x = —-10 
x24 {= 55 


> The solution of | 241 | — 3 = 6is all real numbers greater than or equal to 
4 or less than or equal to —5, which can be written as the compound inequality 
x=-Sorx24. 


CAREERS GED Writing an Absolute-Value Inequality 


You work in the quality control department of a manufacturing company. 
The diameter of a drill bit must be between 0.62 inch and 0.63 inch. 
a. Write an absolute-value inequality to represent this requirement. 


b. A bit has a diameter of 0.623 inch. Does it meet the requirement? 


SOLUTION 0.623 in. 
a. Let d represent the diameter (in inches) of the drill bit. =a 


= : Write a compound inequality. 
Jes QUALITY CONTROL 
Ss poe 0.62 <d=0.63 
A quality control inspector Find the halfway point: 0.625. 
usually works in a manufac- 
turing company. Experienced Subtract 0.625 from each part of the 
workers usually advance to compound inequality. 
more complex inspecting 


www.mcdougallittell.com 


positions. 0.62 — 0.625 <= d — 0.625 = 0.63 — 0.625 
NED 
42" CAREER LINK —0.005 <= d — 0.625 < 0.005 | | 
Rewrite as an absolute-value inequality: 
| d — 0.625 | < 0.005 
This inequality can be read as “the actual | | 
diameter must differ from 0.625 inch by no 
more than 0.005 inch.” 
b. Because | 0.623 — 0.625 | < 0.005, | yy, 
the bit does meet the requirement. , 


6.4 Solving Absolute-Value Equations and Inequalities 


GUIDED PRACTICE 


Vocabulary Check J 1. |x + 3| = 8 is an example of a(n) _? and |x + 3| < 8 is an example of 
a(n) _2.. 


Concept Check J 2. Explain each step you should use to solve |x + 3| = 8. 
3. Explain why | x = 5 | < 2 means that x — 5 is between —2 and 2. 
Complete the sentence using the word and or the word or. 
4. |x —5|<2meansx-5<22x-5>-2. 
5. |x —5|>2meansx -5>22x-5<-2. 
Skill Check / Solve the equation. 
6. |n|=5 7. |a|=0 8. |x+3|=6 
9. |x — 4|=10 10. |2n -3|+4=8 11. |3x+2/+2=5 


Match the inequality with the graph of its solution. 


12. |x +2|=1 ee 
ee oe a a 

13. |x +2|<1 _ Ee 
a a ae ee ae 

14. |x+2|>1 a a a a 
f=) 8-2 =) 0 1 


Solve the inequality. 
15. |x + 6|<4 16. |x-—2|>9 17. |3x+1|<5 


18. % MANUFACTURING In Example 5, suppose the diameter of the drill bit 
could be 0.5 inch, plus or minus as much as 0.005 inch. Write an absolute 
value inequality to represent this requirement. 


PRACTICE anp APPLICATIONS 


[_ SOLVING EQUATIONS Solve the equation. 
Extra Practice 19. l¢|=7 20. |x| = 10 21. |x|=25 


to help you master 


skills is on p. 802. 22. |x -—4|=6 23. |x+5|=11 24. |x+8|=9 
25. |x —5|=2 26. |x -1|=4 27. |x+3|=9 
[ymormnerams 28. |x +1]=6 29. |x —3.2|=7 30. |x + 5/=6.5 
HOMEWORK HELP 
Example 1: Exs, 19-39 31. [4x —2|=22 32. |6x —4|=2 33. |3x + 5|= 23 
Example 2: Exs. 19-39 34. [5 —4x|-3=4 35. [2x -4|-8=10 36. [7x + 3|+2=33 
continued on p. 357 1 5 
37. |x + 3.6| = 4.6 38.[x—12|-2=5 39. |x-5|=3 


in Chapter 6 Solving and Graphing Linear Inequalities 


_ ee SOLVING INEQUALITIES Solve the inequality. 
HOMEWORK HELP 40. |x +3|<8 41. |2x-9|<11 42. |x + 10|= 20 


continued from p. 356 


Example 3: Exs. 40-60 43. |x —2.2|>3 44. |4x+2|-1<5 45. |5x — 15|-4=21 
Example 4: Exs. 40-60 : F . 
Example 5: Exs. 61, 62 SOLVING AND GRAPHING Solve the inequality. Then graph the solution. 

46. |9+x|<7 47. |4—x|<5 48. |x + 12|> 36 

49. |x -—3|<17 50. |x + 5|=1 51. |x +3|=8 

52. |10 — 4x| <2 53. |2x + 3|>4 54. |x +2|-5=8 


55. [3 +x|+7< 10 56. |3x+2|/-1=10 57. |5x+1|-8<16 
58. [5x +3|-4=9 59. |2x + 5|-1<6 60. |3x -—9|+2>7 


61. “ BASKETBALL On your basketball team, the starting players’ scoring 
averages are between 8 and 22 points per game. Write an absolute-value 
inequality describing the scoring averages for the players. 


62. S TEST SCORES The test scores in your class range from 60 to 100. Write 
an absolute-value inequality describing the range of the test scores. 


63. 3 CAR MILEAGE Your car averages 28 miles per gallon in the city. The 
actual mileage varies from the average by at most 4 miles per gallon. Write an 
absolute-value inequality that shows the range for the mileage your car gets. 


64. “} BOXING The cruiser weight division in boxing is centered at 
183 pounds. A boxer’s weight can be as much as 7 pounds more than or 
less than 183 pounds. Write an absolute-value inequality for this weight 
requirement. 


® FIREWORKS When a firework star bursts, the color of the 
“stars” is determined by the chemical compounds in the firework. 
The wavelengths for different colors in the spectrum are shown below. 


65. A firework star contains strontium. 
Color Wavelength, w 


When it is burned, strontium emits 
— light at wavelengths given by Ultraviolet | w < 400 
APPLICATIONS lw — 643 | < 38. What colors could Violet 400 <= w < 424 
? 
ne Blue 424 < w < 491 
66. A firework star contains a copper - 
=sw< 
compound. When it is burned, the ones fee eS 
compound emits light at wavelengths Yellow 975 = w < 585 
given by | w — 455 | < 23. Determine Orange 585 <w< 647 
the color of the star. 
Red 647 = w < 700 
Launch tube 67. A firework star contains barium jaf = 
chlorate. When it is burned, barium ae ES, 
chlorate emits light at wavelengths 
FIREWORKS given by | w — 519.5|< 12.5. 
The diagram above What color is the star? 
shows what happens when 
a firework is launched. 68. A firework star contains a sodium compound. When it is burned, 
fe) APPLICATION LINK the compound emits light at wavelengths given by | w — 600 | <5. 
www.mcdougallittell.com Determine the color of the star. 


6.4 Solving Absolute-Value Equations and Inequalities 


Test 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


69. MULTIPLE CHOICE Solve |x — 7| <6. 

BD -6<x%x<6 ®W-7K<x«<7 O1lK<x< 13 @®M -1<x<13 
70. MULTIPLE CHOICE Solve | 3x + 3| > 12. 

@ -S<x<3 BW3K<x<-5) ©Ox>3o0rx< -5@Dx>3 
71. MULTIPLE CHOICE Solve| 2x — 4| <3. 


@2<x=7 @®gersh ©-fers4 @W-fereh 


EGE CONNECTION In Exercises 72 and 73, use the diagram below. It 
shows how light is absorbed in seawater. 


Wavelength Absorption 


= w 
a & 


a 
o 


Depth reached by light 
(meters) 


(—) Light is absorbed. 
W@) Light is visible. 
400 500 600 


Wavelength (nanometers) 


700 


72. Write an absolute-value inequality approximating the wavelengths (w) of 
light that reach a depth of 30 meters in seawater. 


73. Write an absolute-value inequality approximating the wavelengths (w) of 
light that reach a depth of 60 meters in seawater. 


MATRICES Find the sum or difference of the matrices. (Review 2.4) 


—2 7 3. —-6 -4 —-9 —12 8 
74, | 0 i =r E = a7 cS | hee - 
SLOPE-INTERCEPT FORM Rewrite the equation in slope-intercept form. 


(Review 3.7, 4.6 for 6.5) 
76. x + Sy = 20 77. 6x + 9y = 36 78. 3x — Ty = 42 


EQUATIONS Graph the equation. (Review 4.6) 


79.x=-1 80. 3y = 15 81.x+y=7 
WRITING EQUATIONS Write the point-slope form of the equation of the line 


that passes through the point and has the given slope. Then rewrite the 

equation in slope-intercept form. (Review 5.5) 

82. (0, 4), m =3 83. (2, -5), m= —2 84. (3, 1), m= < 

85. % TRAVELING It is 368 miles from New York City to Pittsburgh. You make 
the trip in 65 hours. What was your average speed? Round your answer to 


the nearest mile per hour. (Review 1.1) 
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© ACTIVITY 6.4 G ra " h | n g Graphing Calculator Activity for use with Lesson 6.4 
isirwtenuvm  Absolute-Value Equations 


> EXAMPLE 


Solve the equation | 2x ap dl | — 2=5 using a graphing calculator. 


> SOLUTION 


To solve the equation, graph both sides of the equation and find the intersections. 


NE; 
hes %  KEYSTROKE 


td HELP @ Enter the equations 2) Using a standard viewing window, 
See keystrokes for y= | 2x ar Il | — 2 and graph both equations. 
several models of y= 


calculators at 
www.mcdougallittell.com 


Yifdabs (2X+1)-2 


(3) Use the /ntersect feature to 4) Move the cursor to the approximate 
estimate a point where the graphs intersection point. Follow your 
intersect. If you need to select a calculator’s procedure to display the 
graph, use the direction keys to move coordinate values. Repeat the steps 
the cursor to one of the graphs. to find the other intersection point. 


Intersection 


X=3 


> The solutions are 3 and —4. 


> EXERCISES 


Use a graphing calculator or computer to solve the absolute-value 
equation. Check your solutions algebraically. Use a standard 
viewing window. 


1 le +3)=1=3 2. |4x -4|+1=6 3. |5r-2|+1=8 
4. |x —1.67|-3.24=-1.1 5. | 2x — 60| — 55 = 13 6. |r+1|+2=4 
7. |x -43|/4+28=53 8. |x — 7.2|-— 7.6 = 10.9 9. |x + 36|+ 35 = 49 


6.4 Technology Activity 


Graphing Linear Inequalities 
in Two Variables 


GQ) Grapnine Linear INEQUALITIES 


W hal you should learn SORE EERE REE R EEE E EEE EEE EEE EERE EEE EERE EERE EE EEE EEE EEE EEE EE EEE EE EEE EE EEE EEE EEE EE HEHEHE HEHE REESE 


Graph a linear A linear inequality in x and y is an inequality that can be written as follows. 
inequality in two variables. 


: ax + by<c ax + by Sc ax + by>c ax + by=c 
Model a real-life 
situation using a linear An ordered pair (x, y) is a solution of a linear inequality if the inequality is true 
inequality in two variables, when the values of x and y are substituted into the inequality. 
such as purchasing produce 
in Ex. 64. 


Why sushellalearnst EXAMPLE 1 ] Checking Solutions of a Linear Inequality 


WV To model real-life 


en : Check whether the ordered pair is a solution of 2x — 3y = —2. 
situations, such as salvaging 


coins from a shipwreck in a. (0, 0) b. (0, 1) c. (2, —1) 
a Bax SOLUTION 
S fey x aye 2 Couchision 
a. (0, 0) 2(0) — 3(0) =0= -2 (0, 0) is a solution. 
b. (0, 1) 2(0) — 341) = -3 # -2 (0, 1) is not a solution. 
ce. (2, —1) 2(2) — 3(-1) =7= -2 (2, —1) is a solution. 


The graph of a linear inequality in two 
variables is the graph of the solutions of 
the inequality. For instance, the graph of (0, 1) 
2x — 3y 2 —2 is shown. Every point in 
the shaded region and on the line is a 
solution of the inequality. Every other 
point in the plane is not a solution. 


tine is the graph 
x— 3y = —2. 


GRAPHING A LINEAR INEQUALITY 


STEP @ Graph the corresponding equation. Use a dashed line for 
inequalities with > or < to show that the points on the line are 
not solutions. Use a solid line for inequalities with = or < to 
show that the points on the line are solutions. 


STEP ® The line you drew separates the coordinate plane into two 
half-planes. Test a point in one of the half-planes to find whether 
it is a solution of the inequality. 


STEP € If the test point is a solution, shade the half-plane it is in. If not, 
shade the other half-plane. 
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P EXAMPLE 2] Graphing a Linear Inequality 


Sketch the graph of x < —2. 


SOLUTION 


@ Graph the corresponding equation x = —2, 
a vertical line. Use a dashed line. 


® Test a point. The origin (0, 0) is not a solution 
and it lies to the right of the line. So, the graph 
of x < —2 is all points to the left of the line 
x= -2., 


© Shade the region to the left of the line. 


P EXAMPLE 3 | Graphing a Linear Inequality 


Sketch the graph of y = 1. 


SOLUTION 


@ Graph the corresponding equation y = 1, 
a horizontal line. Use a solid line. 


@® Test a point. The origin (0, 0) is a solution and it 
lies below the line. So, the graph of y = 1 is all 
points on or below the line y = 1. 


© Shade the region below the line. 


EXAMPLE 4 ] Writing in Slope-Intercept Form 


Sketch the graph of x + y > 3. 


SOLUTION 


The corresponding equation is x + y = 3. To graph 
this line, you can first write the equation in slope- 
intercept form. 


_ wees 
Study Tip 


You can use any point Then graph the line that has a slope of —1 anda 
that is not on the line as y-intercept of 3. Use a dashed line. 

a test point. The origin is - : ; a 

often used because it is The origin (0, 0) is not a solution and it lies below 
convenient to evaluate the line. So, the graph of x + y > 3 is all points 
expressions in which 0 is above the line y = —x + 3. 

substituted for each 

variable. WA CHECK ‘Test any point above the line. Any point 


you choose will satisfy the inequality. 


6.5 Graphing Linear Inequalities in Two Variables 


PGOAL 2) MODELING A REAL-LIFE SITUATION 


iy EXAMPLE 5 } Modeling with a Linear Inequality 


Trea iving You are on a treasure-diving ship that is hunting for gold and silver coins. Objects 
collected by the divers are placed in a wire basket. One of the divers signals you 
to reel in the basket. It feels as if it contains no more than 50 pounds of material. 


If each gold coin weighs about 0.5 ounce and each silver coin weighs about 
0.25 ounce, what are the different amounts of coins that could be in the basket? 


SOLUTION 
Find the number of ounces in the basket. There are 16 ounces in a pound. 
16°50 = 800 


Write an algebraic model. 


VERBAL Weight | Number Weight Number Weight 
MODEL per gold |- of gold + |persilver|- ofsilver <| in 
coin coins coin coins basket 


4 


LABELS Weight per gold coin = 0.5 (ounces per coin) 
Number of gold coins = x (coins) 
Weight per silver coin = 0.25 (ounces per coin) 
Number of silver coins = y (coins) 


Maximum weight in basket = 800 (ounces) 


ALGEBRAIC 05x + 0.25 y = 800 Write algebraic model. 
MOoDEL 


Graph the inequality to see the possible solutions. To make a quick graph of the 
corresponding equation, find the x-intercept and the y-intercept. The x-intercept is 
(1600, 0). The y-intercept is (0, 3200). Then graph the line, test the origin, and 
FOCUS ON a . 
APPLICATIONS shade the graph of the inequality. 


The graph shows all the solutions of the 


inequality. The possible numbers of gold ry 
and silver coins, however, are only the 2 a 
ordered pairs of integers in the graph. | S| sh Patan 
Se : s 0.5x + 0.25y < 800 
One solution is all gold coins. ra] t a 
~‘S 1600 
(1600, 0) 3 
= 
ay" GOLD found in the Another solution is all silver coins. S| ae 
ocean can look fas 
0, 32 eaheas! 
brand new. Most other 8, 3200) | % 800 1600 2400 x 
metals deteriorate quickly There are many other solutions, Number of gold coins 
eat Wale including no gold or silver coins. 
in APPLICATION LINK eee 
www.mcdougallittell.com (0, 0) 
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GUIDED PRACTICE 


COC OOOH EEE HEHEHE EEE EEE EEE EEE EE EEEEEEEEEEE EE EE EEE EEE EEE EEE EEE EEE EEEE EEE EEEEEESEEEEH EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


Vocabulary Check J 1. Explain what a solution of a linear inequality in x and y is. 


Concept Check J 2. In the graph in Example 5, why is shading shown only in Quadrant 1? 
Use the real-life context to explain your reasoning. 


3. Choose the inequality whose solution is 
shown by the graph. Explain your reasoning. 


A.x-—y>4 
Bax-—y<4 
C.x-y24 
Dx—-yxs4 


Skill Check JY Check whether (0, 0) is a solution. Then sketch the graph of the inequality. 


4.y<-2 5.x > —2 6.x+y=-1 
7.x-ys-2 Bxt+y<4 9x-ys5 
10.x+y>3 11.3x-—y<3 12.x-—3y=212 


% BASKETBALL SCORES With two minutes left in a basketball game, your 

team is 12 points behind. What are two different numbers of 2-point and 

3-point shots your team could score to earn at least 12 points? 

13. Write a verbal model for the situation. Assign labels to each part of the verbal 
model and write an inequality. 


14. Sketch the graph of the inequality. Then name two ways your team could 
score at least 12 points. 


PRACTICE ano APPLICATIONS 


_ CHECKING SOLUTIONS Is each ordered pair a solution of the inequality? 
Extra Practice 15. x + y > —3; (0, 0), (—6, 3) 16. 2x + 2y <0; (-1, —1), (1, 1) 
to help you master 
skills is on p. 802. 17. 2x + Sy = 10; (1, 2), (6, 1) 18. 4x + Ty = 26; (3, 2), (2, 3) 
19. 0.6x + 0.6y > 2.4; (2, 2), (3, —3) 20. 1.8x — 3.8y = 5; (0, 0), (1,—1) 
21. 3x — 3y <2; (8,8), (8, -8) 22. Sy % 3y > 4: (6, -12), (8, -8) 


SKETCHING GRAPHS Sketch the graph of the inequality. 


_ as 23.x 24 24.x=5 25. y > —3 26.y <9 
HOMEWORK HELP 27.x+3>-2 28.7 —x= 16 29.y+6>5 30.8 —y=0 

Example 1: Exs. 15-22 

Example 2: Exs. 23-42 31. 4x < —12 32. —2x = 10 33. 5y S —25 34. 8y > 24 


Example 3: Exs. 23-42 


Example 4: Exs. 43-60 35. —3x = 15 36. 6y = 24 37. —4y <8 38. —3x4 > —10 
E le 5: Exs. 64-66 
ee 39.x<5 40. y=1.5 41.2y>1 42. x <3.5 


6.5 Graphing Linear Inequalities in Two Variables 


BNE; 
Pye 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Ex. 65. 


MATCHING GRAPHS Match the inequality with its graph. 


A.2x-y=1 B. -—2x-y< 1 C.2x-y21 
D.2x-—y>1 E.2x-y<l F-2x-—y>1 
43. | 


46. — 


SKETCHING GRAPHS Sketch the graph of the inequality. 
49.x+y>-8 50.x-y=4 51.y-x=1l 52. -—x -—y <3 
53. x + 6y = 12 54.3x —y=5 55. 2x + y>6 56. y — 5x <0 


BT. 4x+3y<24 58.9x—3y=18 BXix+4y<1 60.4x-4y>2 


WRITING INEQUALITIES FROM GRAPHS Write an inequality whose solution 
is shown in the graph. 


64. &% PURCHASING PRODUCE You have $12 to spend on fruit for a meeting. 
Grapes cost $1 per pound and peaches cost $1.50 per pound. Let x represent 
the number of pounds of grapes you can buy. Let y represent the number of 
pounds of peaches you can buy. Write and graph an inequality to model the 
amounts of grapes and peaches you can buy. 


65. & FOOTBALL In the last quarter of a high school football game, your team 
is behind by 21 points. A field goal is 3 points and a touchdown (with the 
point-after-touchdown) is 7 points. Let x represent the number of field goals 
scored. Let y represent the number of touchdowns scored. 


a. Write and graph an inequality that models the different numbers of field 
goals and touchdowns your team could score and still not win or tie. 
(Assume the other team scores no more points.) 


b. Does every point on the graph represent a solution of the real-life 
problem? Give examples to support your answer. 
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FOCUS ON 
CAREERS 


A . 


« NUTRITIONIST 
Ss Nutritionists plan 
food programs and 


supervise the preparing 
of meals. 


AGE, 
ip CAREER LINK 


www.mcdougallittell.com 


Test 


Preparation 


* Challenge 


66. 


% CAR SALES You are a car dealer. You have $1,408,000 available to 
purchase compact cars and sport utility vehicles for your lot. The compact 
car costs $11,000 and the sport utility vehicle costs $22,000. Let x represent 
the number of compact cars and let y represent the number of sport utility 
vehicles you purchase. Write an inequality that models the different numbers 
of compact cars and sport utility vehicles that you could purchase. 


NUTRITION In Exercises 67-69, use the following information. You are 
planning a breakfast that supplies at most 500 calories. The table shows 
the numbers of calories in certain foods. 


67. 


68. 


69. 


71. 


72. 


73. 


a. You select tomato juice, some cereal, 
and milk. What different amounts of 
cups of cereal and milk could you 
choose along with one glass of tomato 
juice to supply at most 500 calories? 


Breakfast food Calories 
Bagel, | plain 


Cereal, 1 cup 88 


Juice, Apple, 1 glass 120 

b. Describe a reasonable meal of tomato Juice, Tomato, 1 glass 43 
juice, cereal, and milk that supplies at 

most 500 calories. Egg 75 

Milk, skim, 1 cup 85 


c. Find reasonable amounts of cups of 
cereal and milk, with a glass of tomato 
juice, to supply at most 600 calories. 


Margarine, | tsp 


a. Another morning you choose a bagel with some margarine, and apple 
juice. Find different numbers of teaspoons of margarine and glasses of 
apple juice, with a bagel, to supply at most 500 calories. 


b. Describe a reasonable meal of a bagel with margarine, and apple juice, 
that supplies at most 500 calories. 


Writing Describe two methods you could use to solve part (a) of 
Exercise 68. 


. MULTIPLE CHOICE Choose the inequality whose graph is shown. 


BA 2y-6x< —-4 y 
2y —6x= —-4 
]& 2y-6x>—-4 
®M 6xt+ 2y>4 


MULTIPLE CHOICE Choose the inequality whose graph is shown. 
@ 2y-6x< —-4 
2y — 6x = —4 
©] 2y-6x= -4 
®M 6xt+ 2y>4 


Sketch the graph of | y | < 2inacoordinate plane. Find the domain and 
the range. 


Sketch the graph of | x +3 | <= y ina coordinate plane. 


6.5 Graphing Linear Inequalities in Two Variables 


Mixep REVIEW 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.3 for 6.6) 


16+ 11 + 18 20 + 15 + 22+ 19 37 + 65 + 89 + 72 + 82 
a ae 75. 4 76. 5 


74 


SOLVING A FORMULA Solve for the indicated variable. (Review 3.7) 


77. Distance traveled 78. Volume of a pyramid 
Solve for rd = rt Solve for h: V = 3Bh 


GRAPHING EQUATIONS Use a table of values to graph the equation. 
(Review 4.2) 

79. y= —6x+7 80. y = 3x — 7 

81. —2x + 2y=5 82. 3x + 4y = 20 


FINDING SLOPES AND Y-INTERCEPTS Find the slope and the y-intercept of 
the line. (Review 4.6) 


83. y= —5x+2 84. y=5-2 85. 5x — 5y = 1 
86. 6x + 2y = 14 87. y = —2 88. y= 5 
89. y = 3x — 6.5 90. y= —40 +5 91. 3x + 2y = 10 


Self-Test for Lessons 6.4 and 6.5 


Solve the equation. (Lesson 6.4) 
1. |x| =15 2. |x| S22 3. |x+3| =6 
4. |x-—2| =10 5. |2x+7| = 6. |3x -2| -2=5 


Solve the inequality. Then graph its solution on a number line. (Lesson 6.4) 


7.|x-4|>1 8. |x+7| <2 9. |x—12| <9 
10. r-t)>3 1. [2x +7] <25 12. |4x +2] —5>17 


Is each ordered pair a solution of the inequality? (Lesson 6.5) 

13.x+ y=4; (0, —1), @, 2) 14. y — 3x > 0; (0, 0), (4, 1) 

18, =2e + Sy 257 0, 1), 1-1, 9) 16: =F = 2) 4h 1), 3) 
Sketch the graph of the inequality in a coordinate plane. (Lesson 6.5) 

17. y—5x>0 18. y=3 19.x= —4 

20. y < —2x 21. 2x —-y= 10 22. 3x + y> 15 


23. % STOCK MARKET You purchase shares of a technology company’s stock 
and hold onto them for one year. During that time period, the price per share 
ranged from $65 to $143. Write an absolute-value inequality that shows the 
range of stock prices for the year. (Lesson 6.4) 


Chapter 6 Solving and Graphing Linear Inequalities 


© ACTIVITY 6.5 


Using Technology 


N, 
A is? KEYSTROKE 


% HELP 
See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 6.5 
Graphing Inequalities 


> EXAMPLE 


Graph the solution of the inequality x — 2y = —6. 


> SOLUTION 
1 ) Rewrite the inequality so that y is isolated on the left. 
6 — ES 6 Write original inequality. 
Ns a — Subtract x from each side. 
y= o ap 3) Divide each side by —2 and reverse inequality symbol. 


(2) Use your calculator’s procedure for graphing and shading an inequality. 
You may need to decide whether the graph of the corresponding equation 
is part of the solution, because that may not be clear on the screen. 


| The graph ofy=5+3 


is part of the solution. 


(3) The corresponding equation should be shown with a solid line, because in 
this case the inequality is “less than or equal to.” 


> EXERCISES 


In Exercises 1-12, use a graphing calculator or a computer to graph the 
inequality. (For Exercises 1-8, use a standard viewing rectangle. For 
Exercises 9-12, use the indicated viewing rectangle.) 


1. VX =A = 3 2, Wy > Dye ar D Sh 36 se Dy Ss =i AN, 58 — Shy 2 8) 
B.y>OSx+2 6y<32x-3 Taxt+y=l g.2—2y <2 
CL < ae ap BS 10, pS = 25 pS Olle 12. y = 100x + 2500 
Xmin=—10 Xmin = —10 Xmin = —10 Xmin =0 
Xmax = 10 Xmax = 10 Xmax = 10 Xmax = 100 
Xscl = 1 XSclan Xscl = 1 Xscl = 10 
Yminj=—5 Ymin=—5 Ymin=—1 Ymin=0 
Ymax = 35 Ymax = 35 Ymax = 1 Ymax = 15000 
Yscl=5 WS ClE5 Yscl =0.1 Yscl = 1000 


13. Write an inequality that represents all points that lie above the line y = x. Use 
a graphing calculator or a computer to check your answer. 


14. Write an inequality that represents all points that lie below the line y = x + 2. 
Use a graphing calculator or a computer to check your answer. 


6.5 Technology Activity 


Stem-and-Leaf Plots 
and Mean, Median, and Mode 


PGOAL 1) MAKING STEM-AND-LEAF PLOTS 


ARERR RRR EERE REE EERE R EEE EERE ERE EERE EERE E EEE EE EEE EEE EEE EE EEE EEE EEEEEE EEE EEE EEE EE EEE REESE EEE EEE EEE EES 


A stem-and-leaf plot is an arrangement of digits that is used to display and 


_ What you should learn order numerical data. 
Make and use a 


stem-and-leaf plot to put 


data in order. TEXAMPLE 1 | Making a Stem-and-Leaf Plot 
Find the mean, 


median, and mode of data, The following data show the ages of the 27 residents of Alcan, Alaska. Make 
such as tire usage in a stem-and-leaf plot to display the data. > Source: U.S. Bureau of the Census 
Busnes 45 1 52 42 10 40 50 40 7 

Why you should learn it 46 19 35 3 Il 31 6 41 12 
V To describe real-life data, 43 37 8 41 48 42 #55 # £30 #58 


such as the ages of the 
residents of Alcan, Alaska, 


in Example 1. 
See 
> 


SOLUTION 


Use the digits in the tens’ place for the stems and the digits in the ones’ place for 
the /eaves. The key shows you how to interpret the digits. 


Unordered stem-and-leaf plot 


OM 7 3 6 
HO | 2 
S @ 
tems Leaves 
SHS 1 7 
AMS 2 O06 1 3 i 2 
5/2058 Key: 4|5 = 45 


You can order the leaves to make an ordered stem-and-leaf plot. 


Ordered stem-and-leaf plot 


ON ’S67 8 
1 01 28) 
2 
Stems Leaves 
SHO 1 & 7 
AH@ Old 22356 & 
5|0258 Key: 4|5 = 45 


Your choice of place values for the stem and the leaves will depend on the data. 
For data between 0 and 100, the leaves are the digits in the ones’ place. Be sure 
to include a key that explains how to interpret the digits. 
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PGOAL 2) USING THE MEAN, MEDIAN, AND MopDE 


A measure of central tendency is a number that is used to represent a 
typical number in a data set. What value is “most typical” may depend on the 
type of data, and it may be a matter of opinion. There are three commonly used 
measures of central tendency of a collection of numbers: the mean, the median, 
and the mode. 


_ CONCEPT _ 
SUMMARY 


MEASURES OF CENTRAL TENDENCY 


e The mean, or average, of n numbers is the sum of the numbers 
divided by n. 


¢ The median of n numbers is the middle number when the numbers 
are written in order. If nis even, the median is taken to be the average of 
the two middle numbers. 


¢ The mode of nnumbers is the number that occurs most frequently. 
A set of data can have more than one mode or no mode. 


GEV Finding the Mean, Median, and Mode 


Find the measure of central tendency of the ages of the residents of Alcan, 
Alaska, given in Example 1. 


a. mean b. median c. mode 


SOLUTION 
a. To find the mean, add the 27 ages and divide by 27. 


—_14+34+-:-+554+ 58 sede 
mean 7 Definition of mean 


— 853 
= 99 Add ages. 


The mean is or about 32. 


b. To find the median, write the ages in order and find the middle number. 
To order the ages, use the ordered stem-and-leaf plot in Example 1. 


1 3 6 7 8 10 11 12 = #«=19 
30 31 35 37 40 40 41 41° 42 
42 438 45 46 48 50 52 55 58 


From this list, you can see that the median age is 40. Half of the ages fall 
below 40 and half of the ages are 40 or older. 


c. To find the mode, use the ordered list in part (b). 
There are three modes, 40, 41, and 42. 


6.6 Stem-and-Leaf Plots and Mean, Median, and Mode 


Set 
7. - 


p. Look Back 


For help with graphs, 
see p. 41. 


Many collections of numbers in real life have graphs that are bell shaped. For 
such collections, the mean, the median, and the mode are about equal. 


GEE A Bell-Shaped Distribution 


A tire manufacturer conducted a survey of 118 people who had purchased a 
particular type of tire. Each person was asked to report the number of miles 
driven before replacing the tires. Responses are shown in the histogram. Find 
the median and the mode of the data. 


Miles Until Tire Replacement 


NO 


oF OND © 


=a 


responses 


- 
) 
— 
o 
2 
= 
=] 
— 


18 19 20 21 22 23 24 25 26 
Miles of use (thousands) 


SOLUTION The tallest bar is at 20,000 miles, so that is the mode. The number 
of responses to the left of that bar is the same as the number of responses to the 
right, so 20,000 miles is also the median. The mean is also 20,000 miles. 


GE) Interpreting Measures of Central Tendency 


80- Year-Old Graduates at Elliot School 


Elliot School had 28 graduates old, nineteen were 18 years old, 
this year. The town turned out to and one was 19 years old. One 
witness the graduation of John person remarked, “The average 
Wilson, age 80. Of the other age of the graduates must be 
graduates, seven were 17 years about 35 years.” 


Was the person’s estimate of the average age correct? Would the mean be the 
most representative measure of central tendency? 


SOLUTION 


_ 7(17) + 19(18) + 1119) + 1(80) — 560 
28 28 


The person’s estimate was wrong, because the mean is 20. 


Mean 20 


Because both the median and the mode of the ages are 18 years, the mean is not 
the most representative measure of central tendency. 


People usually use the mean to represent a typical number in a data set. If some 
data are very different, the median may be more representative of the data. 
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Vocabulary Check i 1. Define the mean, the median, and the mode of a collection of numbers. 
Concept Check J 2. Explain why you might make a stem-and-leaf plot for a data collection. 


3. Give an example in which the mean of a collection of numbers is not 
representative of a typical number in the collection. 


Skill Check JY 4. Make a stem-and-leaf plot 22, 34, 11, 55, 13, 22, 
for the data at the right. 30, 21, 39, 48, 38, 46 
Find the mean, the median, and the mode of the collection of numbers. 
5. 2,2, 2,2,4,4,5 6. 5, 10, 15, 1, 2, 3, 7, 8 
7. —4, 8,9, —6, —2, 1 8. 6.5, 3.2, 1.7, 10.1, 3.2 


9. Use the stem-and-leaf plot below to order the data set. 


11/6381753 
218250770 
3/83147 Key: 3| 8 = 38 


10. % AGES If someone said that the mean age of everyone in your algebra 
class is about 165 years, do you think the age of the teacher was included 


in the calculation? Explain. 


PRACTICE ano APPLICATIONS 


COOH EH EEE E EEE HEE E EEE H EEE EEE HEHE EEE EEE EEE EEEEE EEE EEEEEEEEEE EEE EEEEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


_ ee MAKING STEM-AND-LEAF PLOTS Make a stem-and-leaf plot for the data. 
Biirs Practice Use the result to list the data in increasing order. 
to help you master 11. 60, 74, 75, 63, 78, 70, 50, 12. 24, 29, 17, 50, 39, 51, 19, 22, 
skills is on p. 802. 74, 52, 74, 65, 78, 54 40, 45, 20, 18, 23, 30 
13. 4, 31, 22, 37, 39, 24, 2, 28, 14. 15, 39, 13, 31, 46, 9, 38, 17, 32, 
1, 26, 28, 30, 28, 3, 20, 20, 5 10, 12, 45, 30, 1, 32, 23, 32, 41 
15. 87, 61, 54, 77, 79, 86, 30, 76, 52, 16. 48, 10, 48, 25, 40, 42, 44, 23, 
44, 48, 76, 87, 68, 82, 61, 84, 21, 13, 50, 17, 18, 19, 21, 57, 
33, 39, 68, 37, 80, 62, 81, 76 35, 33, 25, 50, 13, 12, 46 


FINDING MEAN, MEDIAN, AND MIODE Find the mean, the median, and the 
mode of the collection of numbers. 


HOMEWORK HELP 17. 4, 2, 10, 6, 10, 7, 10 18. 1, 2, I, 2; Ll, 3 23 4, & 
ial eae ae 19. 8, 5,6, 5, 6, 6 20. 4, 4,4, 4,4, 4 
Example 2: Exs. 17-27 21. 5, 3, 10, 13, 8, 18, 5, 17, 2, 22. 12,5, 6, 15, 12,9, 13, 1, 4, 6, 
Example 3: Exs. 36, 37 7.0. 10:41 8 14.12 


Example 4: Exs. 29, 30 
23. 3.56, 4.40, 6.25, 1.20, 8.52, 1.20 24. 161, 146, 158, 150, 156, 150 


6.6 Stem-and-Leaf Plots and Mean, Median, and Mode 


.*) BASEBALL In Exercises 25-28, use the following information. 
The table shows the number of shutouts that 


Pitch Sh 

ten baseball pitchers had in their careers. A ave ps 
shutout is a complete game pitched without Warren Spahn 63 
allowing a run. Christy Mathewson 
25. Find the mean and the median for the set Eddie Plank 

of data. Nolan Ryan 
26. Write the numbers in decreasing order. Bert Blyleven 
27. Does the set of data have a mode? If so, Den sy 

what is it? Grover Alexander 


28. CRITICAL THINKING What number could Walter Johnson 


you add to the set of data to make it have Cy Young 
more than one mode? Explain why you Tom Seaver 
chose the number. 


> Source: The Baseball Encyclopedia 
29. % AVERAGE SALARY A small town has an adult population of 100. One 


ee person is a multimillionaire who makes $5,000,000 per year. The mean 
€ HOMEWORK HELP annual salary in the town is $74,750. Is the mean a fair measure of a typical 
Misibour Web sit: salary in the town? What is the mean annual salary of the other 99 adults? 
www.mcdougallittell.com 
for help with problem 30. (‘% NUMBER OF HOUSEHOLDS The sae Housaholile 
solving in Ex. 29. U.S. Bureau of the Census reports on the , 
number of households (in thousands) in 
each state. Some of the data are shown in California 11,101 
the table. Is one measure of central Colorado 1,502 


tendency the most representative of the ldako 
typical number of households in these 
states? Explain your reasoning. 


Montana 


Nevada 
31. Use the data in Exercise 30. If you exclude ; 
California from the data, is one measure of New Mexico 
central tendency the most representative of Utah 
the data? Explain your reasoning. Wyoming 


GNED 
ot] DATA UPDATE Visit our Web site www.mcdougallittell.com 


32. CRITICAL THINKING Create two different sets of data, each having 10 ages. 
Create one set so that the mean age is 16 and the median age is 18. Create the 
other set so that the median age is 16 and the mean age is 18. 


33. % BIRTHDAYS Use a stem-and-leaf plot (months as stems, days as leaves) 
to write the birthdays in order from earliest in the year to latest (1 = January, 
2 = February, and so on). Include a key with your stem-and-leaf plot. 


1-1 4-14 31 12-28 4-17 
2-22 8-21 1-24 9-12 1-3 
4-30 10-17 6-5 1-25 5-10 
12-9 4-1 8-26 a eal 
4-30 2-3 11-11 6-13 ‘-4 
6-24 6-3 4-8 2-20 11-28 
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34. ‘4 WEIGHTS The numbers shown below represent the weights (in pounds) 
of twelve high school students. Use a stem-and-leaf plot to order the weights 
of the students from least to greatest. (Hint: Use 17|7 = 177 for your key.) 


177, 164, 108, 158, 195, 206, 106, 126, 143, 118, 148, 146 


35. ‘4 ASTEROIDS The numbers below are the mean distances from the sun (in 
millions of miles) of the first ten asteroids. Use a stem-and-leaf plot to order 
the distances from least to greatest. (Hint: Use 25|70 = 257.0 for your key.) 


257.0, 257.4, 247.8, 219.3, 239.3, 225.2, 221.4, 204.4, 221.7, 222.6 


% VACATIONS In Exercises 36-38, use the following information. 
A business conducted a survey of its 
employees who go on vacation every year. Vacation Travel 
Each person was asked to report the 
number of miles traveled (to the nearest 
hundred) on the last vacation. The 
responses are shown in the histogram. 


36. Find the median of the data. 
37. Find the mode of the data. 
38. Writing Suppose a new employee 


traveled 400 miles on the last 0 100 200 300 400 500 600 
vacation. Decide whether this would Miles 

affect the median or the mode. 

Explain your thinking. 


EXTENSION: DOUBLE STEM-AND-LEAF PLOT In Exercises 39 and 40, use 
the following information. 

Another type of visual model that you can use is a double stem-and-leaf plot. 
This type of visual model is used to compare two sets of data. The Stem column 
is in the middle of the plot, so that the “stem” can apply to both sets of data. 


The double stem-and-leaf plot below shows the number of all-time tournament 
wins by the top 17 male and female professional golfers. 


> Source: Professional Golfers Association 


Male Stem Female 

1|/8/|8 2 
0 

3 0/6 

2 1/5/7 5 O 

0 0/;4);4 2 2 

018 63 2 1}3)/8 5 2 1 1 ~=«1 
9 91/219 9 6 Key: 1| 3 | 8 = 31, 38 


39. What conclusions can be drawn from the double stem-and-leaf plot? 


40. Use the data in the double stem-and-leaf plot to make two conventional stem- 
and-leaf plots. Explain what changes you need to make. 


6.6 Stem-and-Leaf Plots and Mean, Median, and Mode 


SDr 
Test QUANTITATIVE COMPARISON In Exercises 41 and 42, choose the statement 
Preparation below that is true about the given numbers. 


@) The number in column A is greater. 
The number in column B is greater. 
C&) The two numbers are equal. 


(> The relationship cannot be determined from the given information. 


Column A Column B 


.| The mean of 1, 2, 3, 4,5,5, 10 | The mean of 2, 3, 4,5, 5, 10, 11 


The mode of —2, —2, —2, 4 The mode of —2, —2, —3, —3, —3 


%& Challenge 43. & Test Scores You have test scores of 84, 92, and 76. There will be one 
more test in the marking period. You want your mean test score for the 
marking period to be 85 or higher. 


a. Let x represent your last test score. Write an expression for the mean of 
your test scores for the marking period. 


b. Write and solve an inequality to find what you must score on the last test. 


c. Solve the problem without using algebra. Describe your method. Do your 
www.mcdougallittell.com answers agree? 


MIxeD REVIEW 


COCO EEE EEE E HEHE EEE EEEE EE EEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEE EE EEEEEEEEEEEEEEE TEESE EE EEEEEEEEEEEEEES 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.3 for 6.7) 
44,35 + 40+2 45. 120 x3 —2 46. 237 — 188 + 4 


CHECKING SOLUTIONS Check whether the given number is a solution of 
the inequality. (Review 1.4) 


47.x+5> 11,6 48.22 -—3<4;4 


49. “ ROADTRIP You and two friends each agree to drive 7 of a 75-mile trip. 


Which equation would you use to find the number of miles each of you must 
drive? (Review 1.5) 


A. 3x = 75 B. x = 75 
FINDING SLOPE Find the slope of the graph of the linear function f. 
(Review 4.8) 
50. f(2) = —1, f(5) =5 51. f(0) = 5, f(5) =0 
52. f(—3) = —12, f(3) = 12 53. f(0) = 1, f(4) = -1 
SOLVING INEQUALITIES Solve the inequality and graph the solution. 
(Review 6.2-6.4) 
54. -x+7> 13 55. 16 -—xS7 56. -4<x1+3<7 
57.7<3-—2x< 19 58. |x —3| <12 59. |x + 16| =9 
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Box-and-Whisker Plots 


PGOAL 1) DRAWING A BOX-AND-WHISKER PLOT 


Ree RRR R RRR EERE EEE EEE E EERE REET EEE EEE EE EEE EEE EEE EEE EE EERE EEE EE EEE EEE EERE EEE EE EEE EEE EE EEE EEE EES 


A box-and-whisker plot is a data display that divides a set of data into four 
_Whaty ou should learn parts. The median or second quartile separates the set into two halves: the 


Draw a box-and- numbers that are below the median and the numbers that are above the median. 
whisker plot to organize The first quartile is the median of the lower half. The third quartile is the 
real-life data. median of the upper half. 


ci \I Read and interpret 


a box-and-whisker plot of 


real-life data. GIVHEED Finding quartiles 


Why you should learn it U5 this set of data: 11, 19, 5, 34, 9, 25, 28, 16, 17, 11, 12.7. 
V To interpret real-life data, 
such as data about the 


lengths of commuters’ b. Draw a box-and-whisker plot of the data. 
trips to work, as in 


Exs. 31-33. Loe, SOLUTION 


a. Begin by writing the numbers in increasing order. You must find the second 
quartile before you find the first and third quartiles. 


a. Find the first, second, and third quartiles of the data. 


12+16 _ 
uu. 


Second quartile: 14 


5, 7,9, 11, 11, 12, 16, 17, 19, 25, 28, 34 


19425 _ 


Third quartile: —— 22 


First quartile: a = 10 


b. Draw a number line that includes the least number and the greatest number 
in the data set. 


Plot the least number, the first quartile, the second quartile, the third quartile, 
and the greatest number. Draw a line from the least number to the greatest 
number below your number line. Plot the same points on that line. 


The “box” extends from the first to the third quartile. Draw a vertical line in 
the box at the second quartile. The “whiskers” connect the box to the least 
and greatest numbers. 


0 4 8 ; 12 4 16 20, 24 28 32; 36 
I | | — | 
5 10 14 22 34 
Least First Second Third Greatest 
number quartile quartile quartile number 


6.7 Box-and-Whisker Plots 


By Lin. GLEE) organizing Data 
i, 2 


You found the following prices of 
24 different brands of backpacks. 


a. Draw a stem-and-leaf plot to 
order the data. 


b. Draw a box-and-whisker plot 
of the data. 


c. Describe the results. 


See our full line of backpacks 


SOLUTION 
Navy Tan 
a. Draw an ordered stem-and-leaf plot. ~ 
| ae 1/5 
Study Tip 
Astem with no leaves 2 5 5 7 8 9 School Days Ultimate Pack 
stows tet heroine 3/2 35 5 5 5 5 gor ip, soe Sn 
data in the set that begin Colors: Black, Navy Colors: Black, Navy, Tan 
with that stem number. 4/0 0 0 0 0 2 
5/0 0 0O O 
6 
75 Key: 5|0 = 50 


From this plot, you can order the data. 


$15 $25 $25 $27 $28 $29 $32 $33 
$35 $35 $35 $35 $35 $40 $40 $40 
$40 $40 $42 $50 $50 $50 $50 $75 
b. Use the ordered data to find the quartiles. 
a5 3S 


Second quartile: 5) 35 
First quartile: she = 30.5 
Third quartile: aa > = 41 
10 =; 20 30 | 40 50 60 70 =; 80 
| == | 
15 30.50 35 = 41 75 
Least First A Second third Greatest 
number quartile quartile quartile number 


c. One half of the prices are between $30.50 and $41. The median price is $35. 
Three fourths of the backpacks cost $41 or less. The least price is $15 and the 
greatest price is $75. 
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PGOAL 2) READING BOX-AND-WHISKER PLOTS 


You can use a box-and-whisker plot to see how data are grouped within a 
set of data. You can also use a box-and-whisker plot to compare two different 
sets of data. 


bs T EXAMPLE 3 | Interpreting a Box-and-Whisker Plot 
ology 


The box-and-whisker plots below show the annual precipitation (in inches) in 
Chicago, Illinois, and in San Diego, California, recorded over the last 30 years. 


Precipitation in Chicago, Illinois 


0 10 20 ; 30; | 40 50 
| | | | | 
26.6 320 36.2 40.1 49.4 


Precipitation in San Diego, California 


37. 81 103 \128 194 


a. What is the median amount of precipitation in Chicago? in San Diego? 
b. Which city has had more precipitation in the last 30 years? 
c. Writing How else do the data sets differ? 


SOLUTION 


a. The median amount of precipitation in Chicago is about 36.2 inches. 
The median amount of precipitation in San Diego is about 10.3 inches. 


b. Chicago has had more precipitation than San Diego. The lowest “whisker” 
in the Chicago plot represents a greater amount than the highest “whisker” 
in the San Diego plot. 


Chicago has had between 266 inches and 494 inches of 
precipitation. San Diego has had between 37 inches and 
194 inches of precipitation. The difference between the 
extremes of precipitation in Chicago is about 22.8 inches. 
The difference between the extremes of precipitation in 
San Diego is about 15.7 inches. 


oS HOMEWORK HELP In about half of the years, Chicago had a precipitation 


% Visit our Web site between 32 inches and 40 inches. In about half of the years, 
www.mcdougallittell.com San Diego had a precipitation between 8 inches and 13 inches. 
for extra examples. 


6.7 Box-and-Whisker Plots 


GUIDED PRACTICE 


PPPS OSE EOE EEE SEES TEE E HEHE EE EEEHE TEE EOEEOEEEEOEH ETO E ESOT EO EEE TEE ESOETEEESEESETEE ESOT EOSEESE TEE ESEEEEEESEESE LOOT EONS 


Vocabulary Check md 1. Another expression for the median of an ordered set of numbers is _? . 
Concept Check J 2. Describe the “box” of a box-and-whisker plot. What does it represent? 
3. Describe the “whiskers” of a box-and-whisker plot. What do they represent? 
Skill Check / In Exercises 4-7, find the first, second, and third quartiles of the data. 
4.1, 2,3,1,2,1,2,1,2 5. 5,6, 7, 2, 1, 3,4 
6. 12, 30, 19, 15, 18, 22 7. 4, 20, 14, 6, 8, 18, 2, 10, 12, 16 
8. Draw a box-and-whisker plot of the following ages of horses in a stable. 
2,5, 12, 3, 18, 23, 7, 8, 11, 24, 4, 10, 3,5, 12 
9. Tell which set of data is shown by the box-and-whisker plot. 


0 5 10 15 | 20 25 
l | | | l 
A. 0, 10, 15, 18, 25 B. 5, 10, 15, 18, 30 C. 5, 10, 15, 18, 25 


10. Use the box-and-whisker plots in Example 3. Is it true that 50% of the yearly 
precipitation in San Diego is less than 8.1 inches? Explain. 


PRACTICE anp APPLICATIONS 


SOOO O HEE O EEE HH EEE E HEHEHE EEE HEHE EEE OEE EEEEEEEEEEEEEEEE EEE EHETES EEE EEE EEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEHEEEEEESD 


[ FINDING QUARTILES Find the first, second, and third quartiles of the data. 
Extra Practice 11. 12,5, 3, 8, 10,°7,,6,5 12. 20, 73, 31, 53, 22, 64, 47 

to help you master 

skills is on p. 802. 13. 1, 12, 6, 5, 4, 7, 5, 10, 3, 4 14. 2.3, 5.6, 3.4, 4.5, 3.8, 1.2, 9.7 


DRAWING BOX-AND-VWHISKER PLOTS In Exercises 15-22, draw a box-and- 
whisker plot of the data. 


15. 6, 7, 10, 6, 2, 8, 7, 7, 8 

16. 10, 5, 9, 50, 10, 3, 4, 15, 20, 6 

17. 12, 13, 7, 6, 25, 25, 5, 10, 15, 10, 16, 14, 29 
18. 8, 8, 10, 10, 1, 12, 8, 6,5, 1,9, 10 


19. Number of days of rainfall in a year: 39, 46, 26, 12, 34, 57, 38, 37, 69, 15, 
44, 47, 38, 58, 75, 29, 40, 35, 22, 69, 22, 37, 51, 55, 46, 27, 19, 36, 72, 49 


20. Dogs’ weights (in pounds): 88, 23, 75, 46, 77, 22, 83, 75, 97, 89, 46, 79, 69, 


[_ ae 72, 91, 20, 75, 78, 83, 35, 39, 98, 59, 77, 84, 69, 82, 79, 57, 91 

HOMEWORK HELP 21. Attendance at early showing of a movie: 48, 60, 40, 68, 51, 47, 57, 41, 65, 
Example 1: Exs. 11-22 61, 20, 65, 49, 34, 63, 53, 52, 35, 45, 35, 65, 65, 48, 36, 24, 53, 64, 48, 40 
Example 2: Exs. 25-29 

Example 3: Exs. 31-33 22. Weekly tips earned (in dollars): 167, 191, 190, 154, 188, 174, 192, 166, 180, 


155, 157, 161, 163, 172, 169, 167, 182, 184, 158, 160, 176 
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FOCUS ON 
APPLICATIONS 


Je CELLULAR 

>» TELEPHONES 
generated over $26 billion in 
operating revenue in 1996. An 


average monthly bill was 
about $48. 


NEY 
pte] APPLICATION LINK 
www.mcdougallittell.com 


BN, 
4 sn y HOMEWORK HELP 


4 Visit our Web site 
www.mecedougallittell.com 
for help with Exs. 31-33. 


CREATING DATA SETS Create a collection of 16 numbers that could be 


represented by the box-and-whisker plot. 


23. 24. 
10 13 19 27 38 106 124 150 162 193 


® CELLULAR TELEPHONES In Exercises 25-29, use the table that lists 
the weights (in ounces) and operating times (in minutes) for 10 cellular 
telephones. 


25. Make a stem-and-leaf plot to order Weight Operating Time 


the weights of the phones. 140 


26. Draw a box-and-whisker plot of 
the weights of the phones. 


27. Make a stem-and-leaf plot to order 
the operating times of the phones. 


28. Draw a box-and-whisker plot of the 
operating times of the phones. 


29. Writing Using the plot in Exercise 28, 
describe the distribution of the operating 
time data. What does this mean in terms 
of operating time? 


30. ‘.") MILK PRODUCTION To increase se" DATA UPDATE Visit our Web site 
the amount of milk produced by the eo www.medougallittell.com 
herd, a dairy farmer changes the 
cows’ feed. The data show the 
average daily milk yield (in pints) for 
10 cows before the feed change and one month after the feed change. 
Did the feed change increase the average daily milk yield of a cow? 

Use box-and-whisker plots to support your answer. 


Before 


ate 


‘S ComMUTING In Exercises 31-33, use the box-and-whisker plot that 
shows the lengths (in hours) of commuters’ trips to work. 


31. How long is the median trip to work? 


32. Compare the number of people whose trip is 0Q—0.5 hour long to the number 
of people whose trip is 1-3 hours long. Explain your reasoning. 


33. Do more people travel 1—3 hours than travel 0.5—1 hour? Explain. 


6.7 Box-and-Whisker Plots 


DRAWING BOX-AND-WHISKER PLOTS Draw a box-and-whisker plot of 
the data. 


34. 35. 


al pal 
So So 
i= i= 
oa oa 
s s 
ima ima 
o o 
i“ i“ 
= a 


or NNW HF OD 


ScDr 
Test €=) 36. IMIULTI-STEP PROBLEM The heights (in meters) of some of the world’s 
Preparation tallest skyscrapers are given in the table below. 


Skyscraper, location Height (m) 


One Liberty Place, Philadelphia 288 


Columbia Seafirst Center, Seattle 


First Interstate World Center, Los Angeles 


Society Tower, Cleveland 


One Peachtree Center, Atlanta 


Texas Commerce Tower, Houston 


Two Prudential Center, Chicago 


First Interstate Plaza, Houston 
Bank of China, Hong Kong 
Citicorp Center, New York City 


Empire State, New York City 


John Hancock Center, Chicago 


Overseas Union Bank, Singapore 


Aon Center, Chicago 


a. Make a stem-and-leaf plot of the heights. List the heights from largest 
to smallest. 


b. Draw a box-and-whisker plot of the heights. 


c. CRITICAL THINKING Explain which type of plot you would prefer to use 
to answer this question: What is the median height of the skyscrapers that 
are listed in the table? 


* Challenge 37. ANALYZING Data In Exercises 36(a) and 36(b) you made a stem-and-leaf 
plot and a box-and-whisker plot. Compare the types of plots. Include a 
discussion of how to find the measures of central tendency with each plot. 


Also include an explanation of the types of conclusions you can draw from 
www.mcdougallittell.com the plots. 
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MIxeD REVIEW 


FUNCTIONS Rewrite the equation so that x is a function of y. Then use the 
result to find x when y = —2, —1, 0, and 1. (Review 3.7) 


38. 3x + y=7 39. 4x —y=4 

40. 3(2 — y) = —9x + 8 41. 6y — 4x + 3) = -2 
UNIT RATES Find the unit rate. (Review 3.8) 

42. 12 ounces for 4 servings 43. $420 for 40 hours 


FINDING POINTS Decide whether the given ordered pair is a solution of the 
equation. (Review 4.2 for 7.1) 


44. 3x — 2y = 2; (1, 3) 45. 5x + 4y = 6; (—2, 4) 

46. —2x — 2y = —6; (4, —1) 47. x = 3; (—3, 3) 

® UNITED STATES HOUSEHOLDS Use the a recrecak 

table that shows the number of households since 1970 (in thousands) 

in the United States from 1970 to 1995. 401 

(Review 5.5) | 0 | 63401 

48. Find the year in the table in which the haa 
number of households first exceeded 80,776 
80,000,000. 86.789 


49. Write a linear model for the number of 93,347 
households in the United States. 


98,990 


50. Use the linear model to estimate the 


number of households in 2005. > Source: Statistical Abstract of 
the United States 


Self-Test for Lessons 6.6 and 6.7 


Make a stem-and-leaf plot for the data. Use the result to list the data in 
increasing order. (Lesson 6.6) 


1. 23, 16, 24, 31, 38, 10, 32, 29, 5, 2. 33, 59, 27, 44, 47, 12, 61, 46, 18, 
25, 37,7, 20 33, 42, 26 


Find the mean, the median, and the mode of the data. (Lesson 6.6) 
3. 9,9, 5, 10, 7, 10, 6 4. 42, 43, 50, 20, 30, 40 


Find the first, second, and third quartiles of the data. Then draw a box-and- 
whisker plot of the data. (Lesson 6.7) 


5. 13, 10, 16, 25, 5, 12, 20, 7, 15 6. 50, 70, 75, 60, 30, 10, 40, 80, 15, 20 
7. 57, 48, 9, 27, 8, 80, 56, 55, 6, 33 8. 2, 6, 11, 16, 10, 7, 3, 12, 20, 5, 1, 14 


9. % BASKETBALL WINS The data represent the number of wins by some 
NBA basketball teams for the 1996-1997 season. Find the mean, the median, 
and the mode of the data to the nearest whole number. (Lesson 6.6) 


64, 57, 24, 20, 14, 40, 21, 15, 61, 57, 22, 26, 45, 44, 57, 30, 34, 56, 49 


6.7 Box-and-Whisker Plots 


ACTIVITY 6.7 


Using Technology 


N, 
, S55 KEYSTROKE 
i] HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 6.7 


Box-and-Whisker Plots 


You can draw a box-and-whisker plot using a graphing calculator or 
computer. Technology is especially useful for large groups of data or 
multiple sets of data. 


> EXAMPLE 
Draw a box-and-whisker plot of the following data. 


32, 24, 39, 55, 67, 35, 23, 61, 11, 44, 43, 30, 29 


> SOLUTION 


Calculators vary but follow the same general instructions for graphing box-and- 
whisker plots. Be sure to set reasonable WINDOW settings. 


1) Clear all lists and enter the 2) Choose to sketch a box-and- 
given data. whisker plot. 


Plot2 Plot3 
Off 
Type: ket * dip 

oe a 


Lists S1Bg 
NaS te 2 
Mark:B: - 


4) Use and the direction 


arrows to find quartile values. 


La] 
\ 


: 


© Use KEEN to set a statistics 


viewing window. Press JEGyyi 
to sketch the box-and-whisker plot. 


ny 


> EXERCISES 


Use a graphing calculator or computer to draw a box-and-whisker plot of 
the data. List the first, second, and third quartiles. 


1. Ages of students’ brothers: 19, 12, 14, 9, 14, 4, 17, 13, 19, 11, 6, 19 
2. Cost of CDs (in dollars): 11, 10, 12, 14, 17, 16, 14, 6, 8, 14, 20 


3. Temperatures in February (in degrees Fahrenheit): 20.1, 43.4, 34.9, 23.9, 
33.5), ZAI, 22S, eal, D5 7/ 


4. Miles traveled on weekends: 78.4, 76.3, 107.5, 78.5, 93.2, 90.3, 77.8, 37.1, 
O71, WS, S343 OSLO, 3 
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WHAT did you learn? 


Write, solve, and graph an inequality in one variable. 


e Simple linear inequalities (6.1) 


¢ Multi-step linear inequalities (6.2) 
* Compound inequalities (6.3) 


¢ Absolute-value inequalities (6.4) 


ORR e RRO Ree REE EEE EEE EEE EERE HEHE EEE E EEE HEHE EEE HEHEHE EEE EE EEE EEE HEHE HEE EES 


Write, solve, and graph a linear inequality in two 
variables. (6.5) 


eee eee eer errr reer rere errr rere errr rr rrr reer errr errr rere errr rer rere errr reer 


(6.1-6.5) 


Use measures of central tendency to represent 
data. (6.6) 


Draw a box-and-whisker plot of data. (6.7) 


Chapter Summary 


WHY did you learn it? 


Summarize the melting points of metallic elements. 
(p. 338) 


Model and predict city population growth. (p. 341) 
Describe distances between planets. (p. 350) 


Determine wavelengths of colors of fireworks. 
(p. 357) 


COREE Ree ERR eRe EEE EERE EEE EEE EEE EERE EEE EE EEE E EEE EE EEE EEE EEE EE EEE EEE EEE EEEES 


Find different amounts of coins collected on a 
treasure-diving ship. (p. 362) 


Pere ere reer eee ree re reece errr ree rr rrr ere rrr rrr rrr terre rrr rrr rrr reer rr rere errr rrr reir) 


Organize and compare backpack prices. (p. 376) 


How does Chapter 6 fit into the BIGGER PICTURE of algebra? 


You studied solving and graphing linear inequalities in one and two variables and 
absolute-value inequalities. Many real-life situations can be described with 
phrases like “at most” or “less than,” which can be modeled using inequalities. 
You also organized data using stem-and-leaf plots, measures of central tendency, 
and box-and-whisker plots. When reviewing this chapter, look for connections 
between solving and graphing equations and solving and graphing inequalities. 


STUDY STRATEGY 


How did showing all 
your work help you 
make corrections? 
When you show all your work, 
using the Study Strategy on 
p. 332, the solution steps may 
be like these. 


—3y +9>16 
—3¥ +9 -Q>16~q 
557 SS 7/ 


Showing My Work 


7 7 

=z <I divided by a hegative 
number. | should have 
reversed the inequality 
symbol! 


u 
ce iL 
y & 


° graph of a linear inequality in one 
variable, p. 334 


* equivalent inequalities, p. 335 

¢ compound inequality, p. 346 

¢ linear inequality in x and y, p. 360 

* solution of a linear inequality, p. 360 


* graph of a linear inequality in two 
variables, p. 360 


¢ half-plane, p. 360 

¢ stem-and-leaf plot, p. 368 

¢ measure of central tendency, p. 369 
* mean, or average, p. 369 


zh SOLVING ONE-STEP LINEAR INEQUALITIES 


AERO RRR E EERE EERE EEE EEE EEE EEE EEE EEE EE EEE EEE HEHEHE EE HEHEHE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEE EEE EE EEE EEED 


GEL Solve —0.9x = 3.6. Graph the solution. 


—0.9x = 3.6 Write original inequality. 
—0.9x < 3.6 _ Divide each side by —0.9 and 
“i 09 reverse the inequality symbol. 
x=-4 Simplify. 
> The solution is all real numbers less than or e 
equal to —4. 
Solve the inequality and graph its solution. 
1.x-S5s-3 234+x>1 2< <5 


¢ median, p. 369 

¢ mode, p. 369 

* box-and-whisker plot, p. 375 
* quartiles, p. 375 


Examples on 
pp. 334-336 


2 SOLVING MULTI-STEP LINEAR INEQUALITIES 


GSU Solve7 + 2x < -3. 


Tac ONG 
TS a oS 3 ey 

2x < —10 

2x . —10 

a 

ba) 


Write original inequality. 
Subtract 7 from each side. 


Simplify. 
Divide each side by 2. 


Simplify. 


> The solution is all real numbers less than —5. 


Solve the inequality. 


5.6x+ 8 >4 6.10 — 3x <5 
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7.9-4x=2-I11 


4. —6x = —30 


Examples on 
pp. 340-342 


8.5-ix<-3 


Examples on 
_ SOLVING COMPOUND INEQUALITIES 


pp. 346-348 


SRR eee RE eee R EERE EEE EEE EEE EEE EE EEE EE EEE EE EEE HEHE EEE EEE HEHE EEE EEEEEEEEEEEEEEEEEEEEEEE EEE HEHEHE EEEEEE EEE HEHEHE HEHE EEEEE EEE EEE EEE EE EEE EEE 


GSLUTTD Solve 1< -2x+3<9, 


IS —=2n43 <9 Write original inequality. 


= 2 AO Subtract 3 from each expression. 


lx —3 Divide each expression by —2 . Reverse both inequality symbols. 


> The solution is all real numbers greater than —3 and less than 1. 


Solve the inequality. Write a sentence that describes the solution. 


9.3<x+1<6 10.6 <2x+3<10 Wxtt<-forgx-1>3 
Examples on 
a SOLVING ABSOLUTE-VALUE EQUATIONS AND INEQUALITIES pp. 353-355 
. EXAMPLE ] To solve both absolute-value equations and inequalities, remember 
that expressions inside absolute-value symbols can be either positive or negative. 
Solve |x-4| 7 ob 
x — 4is positive. x — 4is negative. 
x-4>3 pe be a8) 
x>7 x<il 
> The solution is all real numbers greater than 7 or less than 1, or x < 1 or x > 7. 
Solve the equation or the inequality. 
42. [a2 | = 12 13; |e =—5|.=11 14. |x +0.5| = 0.25 
15. |5+x| <6 16. |7—x| >2 17. |3x+2| -4=58 
E. I 
_ Tu GRAPHING LINEAR INEQUALITIES IN TWO VARIABLES pp. 360-362 


EERE R Ree eee RRR E EOE E EEE EEE EEE EEE HEHEHE EEE EEE EE EERE EEE EEE ESET EEE EEEEEEEEEEEEEEE EEE EE EEEEEEEEEEEEEE EE EEE EEEEE EEE EEEEEEEE EEE EE EEE EEE EE EEE EE EEE EEED 


. EXAMPLE ] To graph 2x + y < 1, first sketch the graph of 
the corresponding equation 2x + y = 1. Use a dashed line 
because the inequality symbol is <. Next, test a point. The 
origin (0, 0) is a solution, so the graph of 2x + y < 1 

includes (0, 0) and all points below the line. 


Graph the inequality. 


18.x<2 19. -2x+y>4 20, 4x — 3y <3 


21. 2y — 6x = -2 


Chapter Review 


E 1] 
STEM-AND-LEAF PLOTS AND MEAN, MEDIAN, AND MODE pp. 368-370 


TORRE Ree eRe EERE EEE EERE EERE E EEE E EEE EEE HEHEHE EEE EERE EEE HEHEHE HEHE EEEEEEEEEEE HEHEHE EEE EEEEE EEE EEE EEEEE EEE HEHE EEE EEE EEE EEE EEE HEHEHE EEE 


. EXAMPLE } To make a stem-and-leaf plot for the following data, use the digits in 
the tens’ place for the stem and the digits in the ones’ place for the leaves. 


40, 60, 34 3/4 
43, 68, 45 4\0 35 
Stems Leaves 
61, 64, 54 5/1 2 4 
51, 64, 52 6301448 Key: 6 | 0 = 60 


The mean of the data is the sum of the numbers divided by 12, which is 53. 
The median of the data is the average of the two middle numbers, which is 53. 


The mode of the data is the number that occurs most often, which is 64. 


22. The data below show the monthly water temperature (in degrees Fahrenheit) 
of the Gulf of Mexico near Pensacola, Florida. Make a stem-and-leaf plot of 
the data: 56, 58, 63, 71, 78, 84, 85, 86, 82, 78, 65, 58. 


23. Find the mean, the median, and the mode of the data in Exercise 22. 


E I] 
6.7 BOX-AND-WHISKER PLOTS Dp. 375-377 


FREER RRR e eRe e EEE EEE EEE EEE EEE EE EEE EE HEHEHE HEHEHE EEEE HEHEHE EEE EE HEHE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE EEEEE EEE 


. EXAMPLE } The data show the average temperature (in degrees Celsius) for each 
month in Tokyo: 5.2, 5.6, 8.5, 14.1, 18.6, 21.7, 25.2, 27.1, 23.2, 17.6, 12.6, 7.9. 


Write the numbers in order and find the quartiles of the data. 
5.2 5.6 7.9 85 12:6 14.1 7G SiGe 21k = 23:25 252 a2 Vell 


14.1 + 17.6 
2; 


Second quartile = = 15.85 


7.9 + oes = 27.45 


Mee ae 23 
2 


First quartile = 8.2 Third quartile = 


To make a box-and-whisker plot, draw a box that extends from the first to the third 
quartiles. Connect the least and greatest numbers to the box as the “whiskers.” 


0 5 ; 10 15 | 202 ,; 2 4 30 
'_ es 
52 8.2 15.85 22.45 271 


24. The data below show the average temperature (in degrees Celsius) for each 
month in Paris. Make a box-and-whisker plot of the data. 


So, 4.2, 6:6;.9,5, 13.2, 16:3,.15.9,,.16,0,. 14.7, 12.2, 8.9, 7.3 


25. Compare the box-and-whisker plot in Exercise 24 to the one in the Example. 
How do the data sets differ? 
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Chapter Test 


Solve the inequality. Graph the solution on a number line. 


1.x-—3< 10 2.-6>x+5 3. —32x > 64 
<8 B.S +2<4 6.6-—x>15 
7.3x+552x-1 8. (x + 6) = 2(1 — x) 9.—-2x +8 >3x+ 10 


Solve the inequality. Write a sentence that describes the solution. 
10. —15 =5x < 20 11.-3=4x +557 12. 8x—-11<5o0r4x—-—7>13 
13. —2x>8or3x+1=27 14.12 >4-x>-5 15.6x+9=21or9x-554 


Write a compound inequality that describes the graph. 


16. —a 17. 
—-3 -2 -1 0 1 —5 -4 -3 -2 -1 0 1 
Solve the equation or the inequality. 
18. |x +7| =11 19. |x —8| —3<10 20. |x + 4.2| + 3.6 = 16.2 
21. |2x-6| > 14 22. |4x+5| -6<1 23. |3x -9| +6=18 


Sketch the graph of the inequality. 
24.x>—-1 25.x-1=-3 26. —4x = 8 
27.x + 2y>6 28. 3x + 4y = 12 29. 7y — 2x +3 <17 
®) EXERCISE BICYCLE PRICES In Exercises 30-33, use these prices: 
$1130, $695, $900, $220, $350, $500, $630, $180, $170, $145, $185, $140. 
30. Make a stem-and-leaf plot for the data. List the data in increasing order. 
31. Find the mean, the median, and the mode of the data. 
32. Find the first, second, and third quartiles. Which quartile is the median? 
33. Draw a box-and-whisker plot of the data. 


34. % PAPER MAKING One kind of machine makes paper in a roll that can be 
as wide as 33 feet or as narrow as 12 feet. Write a compound inequality for 
the possible widths of a roll of paper that this machine can produce. 


35. % WALKING DISTANCE Walking at a rate of 210 feet per minute, you take 

12 minutes to walk from your home to school. Your uncle’s home is closer to 

school than your home is. Write an inequality for the distance d (in feet) that 
your uncle lives from your school. 


36. “) RAFTING Members of an outdoor club rent several rafts and launch all of 
the rafts at the same time. The first raft finishes in 36 minutes. The last raft 
finishes in 48 minutes. Write an absolute-value inequality that describes the 
finishing times. 


Chapter Test 


that you are careless. 


1. MULTIPLE CHOICE Which graph represents the 
solution of x + 10 < 17? 


13 14 #15 16 #17 +18 #19 20 21 22 


2. MULTIPLE CHOICE Describe the solution of the 
inequality x + 3 =7. 


CAD All real numbers less than 4 

All real numbers less than or equal to 10 
C& All real numbers less than or equal to 4 
@) All real numbers less than or equal to —4 
« None of these 


3. MULTIPLE CHOICE Which inequality is 
equivalent to 2 — 3x = —4? 


BD x=2 Bxs2 
@©x<-F > x= -2 
CE} None of these 


4. MULTIPLE CHOICE Describe the solution of the 
compound inequality —3x + 2>1lor5x+1> 6. 


CA All real numbers less than —3 or greater 
than 1 


All real numbers greater than 3 or less 
than 1 


©) All real numbers less than 3 or greater 
than —1 


@> All real numbers less than —3 and greater 
than 1 


CE None of these 


3838 


Chapter Standardized Test 


p>) TEST-TAKING STRATEGY Work as fast as you can through the easier problems, but not so fast 


5. 


foe) 


IMMIULTIPLE CHOICE For which values of x is the 
inequality 5(3x + 4) = 5x — 10 true? 


A x=-3 Bxs-3 
Ox=-1 Ox=!1 
Qxs3 


. MULTIPLE CHOICE Which graph represents the 


solution of | 2x — 10| = 6? 
— 
8 0 1 2 3 4 5 6 7 8 9 


MD oo 1 2 3 4 5 6 7 8B 2B 
© 6-4-2 0 2 4 6 8 0 12 
. MULTIPLE CHOICE Which numbers are solutions 
to the absolute-value equation |x —7 | +5=17? 
CD 5 and —19 CB 5 and —5 
C} 12 and —5 @> 19 and —19 
C 19 and —5 
. MULTIPLE CHOICE Which point is not a solution 
of y<x+5? 
@ (4, -4) (1, 4) 
© (1,4) @® (3, 1) 
© (4,6) 
. MULTIPLE CHOICE Choose the inequality whose 


solution is shown in the graph. 
A 2x+y<4 
B x+y24 
@& 2x+y>4 
@® y—2x>4 
ee y-x=4 
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10. IIULTIPLE CHOICE The stem-and-leaf plot shows the ages of 0j5 712 
20 people. What percent of people are under 20 years old? 111338 
BD 7% BW 8% CL 10% BD 20% EH 40% 231245942 


3}0 33538 Key: 3|0=30 


11. MULTIPLE CHOICE What is the mean of the collection of numbers: 
25, 29, 33, 38, 40, 45, 51, 53, 66, 73? 


@4 W425 ©4 W453 073 


12. MIULTIPLE CHOICE Which set of numbers is represented by the 
box-and-whisker plot? 


15 19 24 28 =. 330 

AD 20, 24, 15, 20, 25, 18, 19 19, 18, 15, 23, 25, 28, 30 

CE 24, 22, 18, 16, 29, 28, 18, 20, 21, 20, 19 @) 25, 23, 17, 15, 19, 21, 28, 28, 30, 26 
CE} 20, 18, 14, 13, 22, 26, 22, 25, 29 


QUANTITATIVE COMPARISON In Exercises 13 and 14, choose the statement 
below that is true about the given numbers. 


C® The number in column A is greater. 
The number in column B is greater. 
C& The two numbers are equal. 


@® The relationship cannot be determined from the given information. 


Column A Column B 


. | The mean of 2, 3, 4,5, 6 The median of 2, 3, 4, 5, 6 


{tata | de=2h 


15. MIULTI-STEP PROBLEM You own a printing shop and order paper each week 
to meet your customers’ printing needs. Company A charges $4.50 for a ream 
of 500 sheets of paper plus a $25 delivery fee for each order. Company B 
charges only $4.00 for a ream but charges a $75 delivery fee for each order. 


a. Let x represent the number of reams of paper you purchase. Write an 
expression that represents the total cost of purchasing paper from 
Company A. Write an expression that represents the total cost of 
purchasing paper from Company B. 

b. Choose two different amounts of paper between 50 reams and 150 reams 
that you could purchase. Calculate the charges from each supplier. 

Cc. Writing Draw a graph to show the costs of ordering up to 200 reams 
of paper from each supplier. Explain how to use the graph to determine 
which company charges the lower price for the same order. 

d. Write an inequality that represents orders for which Company A offers 
the lower price. Write an inequality that represents orders for which 
Company B offers the lower price. 


Chapter Standardized Test 


for Chapters 1-6 


ORR R EERE REE E EERE EEE EEE EE EEE EEE EEE EE TEESE EE HEEEEEE EEE HEHEHE EEEEEEEEEEEEE HEHEHE EEEEEEE EEE EEE EEEEEE EEE HEHE HERES EEE EERE HEHE ES 


Evaluate the expression. (1.11.3) 


1.x + 8 when x = —1 2. 3x — 2 whenx = 7 3. x(4 + x) when x = 5 

4. (x — 5)? when x = 1 5. 2(2 +8) when x= 4 6. x? — 3x + 1 whenx =2 
Evaluate the expression. (2.2 and 2.3) 

7. 2 — (-6) + (-14) 8. 3.1 + (—3.3) — 1.8 9. 20 — |-5.5| 
Find the sum or the difference of the matrices. (2.4) 

3 2 —4 -2 -—2.7 —3 -8 0 3 

10.| 3 i+ | 1. 5 4 4 re 5 3 
Simplify the expression. (2.5 and 2.6) 
12. 4(y — 4) 13. 3(6 + x) 14. 2y(5 + y) 15. —51(3 — 2) 
16. 20x — 17x 17. 4b +7+ 7b 18. 5x? — 3x? 19. 4.2y + L.ly 
Solve the equation. (3.1—3.4, 3.6) 
20.x+4=-1 21.-3 =n-—15 22. 5b = —25 
23. = =6 24.3x+4=13 25.6 + Sx = 14 
26. 5(x — 2) = 15 27. 14x + 50 = 75 28. x + 8 = 3(x — 4) 
29. —(x- 7) =4x41 30. 3x — 15.6 = 75.3 31. 5.5x +2.1=7.6 
Rewrite the equation so that yis a function of x. (3.7) 
32.x=y4+3 33. 4x — 5y = 13 34. 3(y — x) = 10 — 4x 
Find the unit rate. (3.8) 
35. $1 for two cans of dog food 36. $440 for working 40 hours 
Plot and label the ordered pairs in a coordinate plane. (4.1) 
S37. AQ; 3), BZ =3), GLA) 38. A(0, —2), B(—3, —3), C(2, 0) 
39. A(2, 4), B(3, 0), C(—1, —4) 40. A(1, —4), B(—2, 4), C(O, —1) 


Plot the points and find the slope of the line passing through the points. (4.4) 

41.10, D431) 42. (2, 2), (—5, 2) 43. (4,1), (4-2) 44. (-2,.0), 0, —4 
Graph the equation. (4.2, 4.3, and 4.6) 

45.x-y=4 46.2x-y+1=0 47.x+2y—-4=0 
48.x + 3y = 7x 49.x+4y—1=0 50. y-—2.5=0 

Write an equation of the line in slope-intercept form. (5.1) 


51. The slope is 1; the y-intercept is —3. 52. The slope is —2; the y-intercept is 5. 


Chapters 1-6 


Write an equation of the line that passes through the point and has the 
given slope. Write the equation in slope-intercept form. (5.2) 


53. (-1,1),m=2 54. 3, =) = i Ce eee 


Write an equation in slope-intercept form of the line that passes through 
the points. (5.3) 


56. 1, —7),. 2,1) 57. (0, 3), (2, 4) 58. (4.2, —3.6), (7.0, 3.4) 


Solve the inequality. (6.1-6.4) 


59. 6 > 3x 60. -6<x+12 =F 8 

62. —4 —- 5x31 63. —4x + 3 > -21 64. —x + 2 < 2(x — 5) 
65. -3.2+x=6.9 66. —4 < —2x< 10 67.5<4x-11<13 
68. -2<x-7<15 69. |x — 8| > 10 70. |2x+5| <7 


Find the mean, the median, and the mode of the collection of numbers. (6.6) 
71. 10, 5, 25, 5, 10, 15, 20, 50, 5, 15 72. 8, 7,5, 2, 3,5, 2, 3, 2, 7, 1,2 


73. “) PURCHASES You have $25. You buy two CDs that cost $9.99 each, 
tax included. Do you have enough money left over to buy a cassette that 
costs $5.95? Explain. (1.4) 


74. % PHOTO Costs A photography studio charges $65 for a basic 
graduation package of photos, plus $3 for each additional wallet photo. 
Use the equation 65 + 3n = C, where n represents the number of additional 
wallet photos and C represents the total cost, to make an input-output table of 
the costs for ordering 0 through 6 additional wallet photos. (1.7) 


75. “) VELOCITY Recall that the speed of an object is the absolute value of its 
velocity. A hot-air balloon drops at a rate of 100 feet per minute. What are its 
velocity and speed? (2.1) 


76. % TEMPERATURES On February 21, 1918, the temperature in Granville, 
North Dakota, rose from —33°F to 50°F. By how many degrees did the 
temperature rise? (3.1) 


77. “) SALES TAX You are shopping for a pen. The sales tax is 6%. You have a 
total of $10.50 to spend. What is your price limit for the pen? (3.6) 


®% AMUSEMENT PARKS In Exercises 78-80, use the table that shows the 
number of dollars (in millions) spent at anusement parks in the United 
States from 1991 through 1995. (4.1 and 5.4) 


Passer [oO ]1[2]3 4) 


> Source: U.S. Bureau of the Census 


78. Draw a scatter plot of the data. 
79. Write a linear model for the amount spent at amusement parks. 


80. Use the linear model to estimate the amount spent in 2005. 


Cumulative Practice 


Investigating Elasticity 


OBJECTIVE Explore the relationship between the length of a rubber band 
and the weight suspended from it. 


Materials: paper cup, paper clip, masking tape, metric ruler, string, rubber band, 
hole punch, scissors, 100 pennies, graph paper or graphing calculator (optional) 


COLLECTING THE DATA 


1) Punch two holes in the paper 


cup about + inch from the top 


of the rim directly across from 
each other. Thread the string 
through the two holes. Tie off 
the string on both sides of the 
cup. Cut off any extra string on 
either end. Then attach the 
rubber band to the string. 


Q Tape the paper clip to the edge 


of a table or desk so that one 
end hangs over the edge. 
Attach the rubber band to the 
end of the paper clip so the 
cup is hanging on the rubber 
band over the side of the table. 


© Tape the ruler to the edge of 
the table next to the rubber 
band with O on the ruler next 
to the top of the rubber band. 
Record the distance from the 
top of the rubber band to the 
bottom of the cup. This is the 
initial distance. 


4.) Add 10 pennies to the cup. Record the number of pennies you added to the 
cup and the distance from the top of the rubber band to the bottom of the cup. 


5) Repeat Step 4 several more times, each time increasing the number of 
pennies placed in the cup until you have 50 pennies in the cup. 


INVESTIGATING THE DATA 


1. Make a scatter plot of the data you have collected. Describe any patterns 


you see. 


2. Find an equation for a best-fitting line. You may want to use a graphing 
calculator or a computer. 


3. Explain what the y-intercept and the slope mean in terms of your data. 


4. Describe a reasonable domain and the range of your equation. Write 
inequalities to represent both. 
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MAKING CONJECTURES 


ARR R REE e OEE EERE EEE HEHEHE HEHEHE E HEHEHE EEE EEHHHHEEEEEHEEEEEEEEEHEEEEEEEEEEEEEEEEEEHEHEEEEEEEEEEEEEEEEEEHEEEEEEEEEES 


5. Make a conjecture about what the distance from the top of the rubber band to 
the bottom of the cup would be if you placed 100 pennies in the cup. 


6. Test your conjecture. What relationship do you see between the number of 
pennies used and the length of the stretch? 


In Exercises 7 and 8, discuss your results with others in your class. 


7. Make a conjecture about how the length of the rubber band might affect the 
total distances. Would the equations be the same or different? Give examples 
to support your answer. 


8. How would your graph be different if you measured from the floor up to the 
bottom of the rubber band? Explain your answer. 


PRESENTING YOUR RESULTS 


Write a report or make a poster to report 
your results. 


ELASTICITY 


* Include a table with your data. 


¢ Include your answers to Exercises 1—4. 


by 
a Simmons : : 
sia an ¢ Describe the conjectures that you made in 


Jame! Hudson Exercises 5—8 and your reasons for believing 
them to be true. 


* Describe any patterns you found when you 
discussed results with others in your class. 


¢ What advice would you give to someone else 
who is going to do this project? 


ERR R ERROR eRe EEE ERE HEHEHE EERE EEE EE HEHEHE EEE EE EEE HEE HEHE HEHEHE EEEEEEEEEEHEEEEEEEEEEEHEEEEEEEEEEEEEEEEREEEEEEEE HEHEHE HEHEHE EEEEEEEEEEEEREEEEEEEEEEEEEEEHES 


¢ How does the thickness of the rubber band affect the distance it 
stretches? Do a second experiment with a thicker rubber band to 
find out. 


¢ A grocery store scale operates in a similar way. When you put fruits 
or vegetables on a scale, the spring inside the scale stretches. The 
heavier the item, the larger the stretch. Can you think of other items 
that work in a similar way? 


Unweighted spring Spring with weight attached 
Amount of — 
stretch ——— 
a 


Project 


SYSTEMS OF LINEAR 
EQUATIONS AND 
INEQUALITIES 


> How can you analyge the need for 


-WiCcome 


APPLICATION: Housing 


a dee hou the need for 
low-income rental housing has 
changed over time, you can look 
at a model. The graph below 
shows the number of households 
with annual earnings of $12,000 
or less that need to rent housing 
and the number of rental units 
available that they can afford. 


In this chapter, you will learn how 
to use pairs of linear models to 
analyze problems. 


Low-Income Rental Housing 


its 


(25, 6100) 
Available 


20 30 
Years since 1970 


_ 
“” 
cs 
i= 
co 
2) 
Ss 
So 
= 
= 

=> 


Housing un 


Use the graph to answer the following questions. 


1. 


How many low-cost housing units were 
available in 1995? 


. In 1995, how many more low-income renters 


were there than low-cost units? 


You will use a linear system to analyze the need for 
low-income housing in Ex. 51 on p. 422. 


S, fae www.mcdougallittell.com 


PREPARE 


E Study Tip 


“Student Help” boxes 
throughout the chapter 
give you study tips and 
tell you where to look for 
extra help in this book 
and on the Internet. 


STUDY 
STRATEGY 


Chapter X 


wadeweccusiascscecsiocectaateeisasesceaes It’s important to sort out th 


Chapter 7 is about systems of equations. In Chapter 7, you'll learn 
¢ three methods for solving a system of linear equations. 
* to determine the number of solutions of a linear system. 


* to graph and solve a system of linear inequalities. 


KEY VOCABULARY 


> Review > New * system of linear 

* coefficient, p. 102 * linear system, p. 398 inequalities, p. 432 

¢ linear equation, p. 210 * solution of a linear 2 solution of a system of 
* ordered pair, p. 203 system, p. 398 ELSES es 


* linear combination, p. 411 * graph of a system of 


* parallel lines, p. 242 inequalities, p. 432 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Simplify the expression. (Review Example 5, p. 102) 


1. 13x + 8x 2. 9r + (—45r) 3. O.ld — 1.1d 
1 3 el azill eee 
4. aw + qwv 5. 78 ot ( +)8 6. 10 + 3 
Solve the equation if possible. (Review Example 3 and Example 4, p. 155) 
7. 2x + 6 + 1) = -2 8. 5y + 8 = 5y 
9.1+4x=4x+1 10. 2(4y — 1) + 2y =3 


Decide whether the given ordered pair is a solution of the equation or 
inequality. (Review Example 1, p. 210 and Example 1, p. 360) 

11. 2x + y= 1, (1, —1) 12. 5x + 5y = 10, (2, 1) 

13.37 =4¢ 29,6, 2) 14. 7y — 8x > 56, (112, 7) 


Here’s a study 


Solvi 
strategy! oning Problente 


useful information in a 
problem. Then you can organize the information and 
plan how to answer the question. 


In your notebook, keep a list of different types of 


d how to solve them. Once you 
9 a solution, you can calculate 


problems you find an 
have a plan for findin 


the answer. 


© ACTIVITY 7.1 


Developing Concepts 


GROUP ACTIVITY 
Work as a class. 


MATERIALS 
graph paper 


Bs Look Back 


For help with checking 
solutions, see p. 210. 


3 z Group Activity for use with Lesson 7.1 
Investigating 
Graphs of Linear Systems 


> QUESTION Can two different linear equations have a solution in 
common? 


In this activity, use the following linear equations. 


5 Equation 1 
x+ty=4 Equation 2 


> EXPLORING THE CONCEPT 


Front of room 
@ Turn your classroom into a (0,5) (1,5) (2,5) (3,5) (4, 5) 
coordinate grid by arranging & & = * 


| 
your desks into rows. Every 
position in your grid should (0, “ih (1,4) dy (2, 4) ad” ‘i “fy (5, “hh 
be occupied. 


(2) Choose one student’s posi- 
tion to represent the origin. 
Write down the ordered pair 
you represent. A sample 
classroom grid is shown. 


Ye af (2, a (5, 3) 


y increases from 0 ——> 


“ae "he (2,2) (3, "bp (4, “fe (5, “he 
(0, "ee (1, f° “tt (3, ‘ft (4, "te oh 
(3) Substitute the x-value and 
y-value that you represent (0,0) (1, 0) (2,0) (3, 0) (4,0) (5, 0) 
into Equation 1. If you get all fe e & & ‘ 


a true statement, stand up. 


x increases from 0 ——>— 
(4) What do you notice about the positions of the students standing up? On graph 
paper, draw axes and plot a point for each student who is standing. 


5) Have everyone sit down. Then repeat Step 3 and Step 4 using Equation 2. 


> DRAWING CONCLUSIONS 


1. Look at your graph and describe what you observe. Which student’s ordered 
pair do you think will make both equations true? Is this the only ordered pair 
that is a solution of both equations? Explain. 


In Exercises 2-5, use the class as a coordinate grid to find an ordered pair 
that is a solution of both equations. 


2 f= yp =—|l 3.xty=4 
are y= 8 Nets — 

4.-x+y=0 a. f= 3 
xt+y=6 y=2 


6. Writing In this activity your class has been modeling the solutions of pairs 
of linear equations. What have you learned about the solutions of two linear 
equations whose graphs intersect at one point? 


7.1 Concept Activity 


Solving Linear Systems 
by Graphing 


PGOAL 1) GRAPHING A LINEAR SYSTEM 


W hat you should learn ARERR REE e REE REE E EEE E EEE EEE EEE EEE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEE SHEE EEEEEEEEEEEEEE 


Solve a system of In this chapter you will study systems of linear equations in two variables. 
linear equations by graphing. — Here are two equations that form a system of linear equations or simply a 


Model a real-life linear system. 
problem using a linear _ ; 
system, such as predicting x+2y=5 Equation’ 
the number of visits at 2% = 3y=3 Equation 2 


Internet sites in Example 3. A solution of a system of linear equations in two variables is an ordered pair 


Wh vy you should learn it (x, y) that satisfies each equation in the system. 


W To solve real-life problems, Because the solution of a linear system satisfies each equation in the system, the 
such as comparing the num- solution must lie on the graph of both equations. When the solution has integer 
ber of people who live inland values, it is possible to find the solution by graphical methods. 

to the number of people living 

on the coastline in 


Exs. 37-39. OS GVHD Checking the Intersection Point 


Use the graph at the right to solve 
the system of linear equations. Then 
check your solution algebraically. 


3x + 2y =4 Equation 1 
—x+3y=-5 Equation 2 


SOLUTION 
The graph gives you a visual model of the solution. 


The lines appear to intersect once at (2, —1). 


WA CHECK To check (2, —1) as a solution algebraically, substitute 2 for x 


—~ and —1 for y in each equation. 
EQUATION 1 EQUATION 2 
3x + 2y =4 =f ay = 3 
3(2) + 2(-1) 24 =(2)+ 361) 2 =5 
6-224 a= 3.25 
4=4 5 =-5 
Iyperrsereane > Because (2, —1) is a solution of each equation, (2, —1) is the solution of the 
For help with checking system of linear equations. Because the lines in the graph of this system 
solutions, see p. 210. intersect at only one point, (2, —1) is the only solution of the linear system. 
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R rey HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


SOLVING A LINEAR SYSTEM USING GRAPH-AND-CHECK 


To use the graph-and-check method to solve a system of linear equations in 
two variables, use the following steps. 


STEP @ Write each equation in a form that is easy to graph. 


STEP ® Graph both equations in the same coordinate plane. 
STEP © Estimate the coordinates of the point of intersection. 


STEP @) Check the coordinates algebraically by substituting into each 
equation of the original linear system. 


GEV Using the Graph-and-Check Method 


Solve the linear system graphically. Check the solution algebraically. 


xty=-2 Equation 1 
2x —3y = -9 Equation 2 


SOLUTION 


@ Write each equation in a form that is easy 
to graph, such as slope-intercept form. 


y=-x-—2 Slope: —1, y-intercept: —2 
y= Sx +3 Slope: z, y-intercept: 3 


@® Graph these equations. 


© The two lines appear to intersect at (—3, 1). 


@ Tocheck (—3, 1) asa solution algebraically, substitute —3 for x and 1 for y in 
each original equation. 


EQUATION 1 EQUATION 2 
xt+y=-2 2k = Sy = 9 
=3+1i-2 28) — 318) = —9 
—2=-2 =6=-3 2-9 
=o S| = 9 


> Because (—3, 1) is a solution of each equation in the linear system, it is a 
solution of the linear system. 


In Example 2 you used the slope-intercept form of each equation in the system to 
graph the lines. However, there are other methods. For instance, in Lesson 4.3 
you learned how to make a quick graph of a linear equation using intercepts. 


In the Graphing Calculator Activity at the end of this lesson, you will learn how 
to graph a system of linear equations using a graphing calculator. 


7.1 Solving Linear Systems by Graphing 


G@QVO Moveuine a REAL-LIFE PROBLEM 


TORRE REE E EEE E EERE EEE HEHE EEE EEE EE EEE EE EE HEHEHE EEE HEHEHE EEE EEE EE EEE HEHEHE EE EEE EEEEE EEE EE EES 


GEE) Writing and Using a Linear System 


INTERNET In the fall, the math club and the science club each created an Internet 
site. You are the webmaster for both sites. It is now January and you are 
comparing the number of times each site is visited each day. 


Science Club: There are currently 400 daily visits and the visits are increasing 
at a rate of 25 daily visits per month. 


Math Club: There are currently 200 daily visits and the visits are increasing at 
a rate of 50 daily visits per month. 


Predict when the number of visits at the two sites will be the same. 


SOLUTION 
VERBAL Daily _ |Current visits} _| Monthly |, Number of 
MODEL visits to science site increase (sci) months 
Daily _ | Current visits | Monthly . Number of 
| visits to math site increase (math) months 
LABELS Daily visits = V (daily visits) 
Current visits (science) = 400 (daily visits) 
Increase (science) = 25 (daily visits per month) 
Number of months = ¢ (months) 
FOCUS ON Current visits (math) = 200 (daily visits) 
CAREERS 
Increase (math) = 50 (daily visits per month) 
ALGEBRAIC V =400+ 25 t Equation 1 (science) 
MODEL 
V =200+ 50 ¢ Equation 2 (math) 


Use the graph-and-check method 
to solve the system. The point of 


intersection of the two lines appears | z 
A a to be (8, 600). Check this solution in | | > 
a Bo WEBMASTER Equation | and in Equation 2. |_| 5 
y ; 
Webmasters build ++ ‘3S 
Web sites for clients. They 600 = 400 + 25(8) 8 
often update their technical _ —§ 
skills to meet the demands 600 = 200 + 50(8) Bs 2 
for first-class Web sites. : ; 
Some also help design Web > If the monthly increases continue hee °9 EG BE Bee 
pages and are responsible at the same rates, the sites will Months since January 
for updating the content. have the same number of visits a ie ie a a ao 
io CAREER LINK by the eighth month after January, 
www.mcdougallittell.com which is September. 
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GUIDED PRACTICE 


PCPS SEE EHEE ECE E SOHO EOEEOOH OTE E SOOO TOO EOEE OTE OTEET EEO E THOT OTE OSEETETOOEOET EC EOTEET ET EEESET EE EEDESEEEEEESELELEEEEEEELEEEOS 


Vocabulary Check J 1. Explain what it means to solve a system of linear equations. 


Concept Check J 2. Explain how to use the graph at the right to 
solve the system of linear equations. 


y=-xt+2 
y=x+2 


Skill Check / Graph the linear system below. Then decide if 
the ordered pair is a solution of the system. 


—x+ty=-2 
2x + y= 10 


3. (—4, —2) 4. (4, —2) 5. (—4, 2) 6. (4, 2) 
7. Confirm your answer for Exercise 3 algebraically. 


Use the graph-and-check method to solve the system of linear equations. 
1 


8. y = 2x- 1 9.y= —-2x+3 10. y= 5x +2 
y=xt1 y=x-3 y=—x+5 
PRACTICE ano APPLICATIONS 
CHECKING FOR SOLUTIONS Decide whether the ordered pair is a solution 
Evica Practice of the system of linear equations. 
to help you master 11. 3x — 2y = 11 12. 6x — 3y = —15 
skills is on p. 803. —x+6y=7 (5, 2) x+y=-3 (—2, 1) 
13. x + 3y = 15 = 14. -5x+, y=19 oe 
4x + y=6 ee) x— Ty =3 a 
15. —15x+ 7y=1 16. -2x+,y=-l1 
3x-y=1 SD) -x-dy=-15 0) 


SOLVING SYSTEMS GRAPHICALLY Use the graph to solve the linear 
system. Check your solution algebraically. 


17. -—x + 2y=6 18. 2x —y= -2 19.x+y=3 
x + 4y = 24 4x —y= —-6 —2x +y=—-6 


fe HOMEWORK HELP 


Example 1: Exs. 11-19 
Example 2: Exs. 20-34 
Example 3: Exs. 35, 36 


7.1 Solving Linear Systems by Graphing 


GRAPH AND CHECK Graph and check to solve the linear system. 


20.y=-x+3 21. y = —6 22.y=2x—-4 
year x=6 y=-pr+1 
23. 2x — 3y = 9 24. 5x + 4y = 16 2.x -y=1 
x=—3 y=-—16 5x — 4y =0 
26. 3x + 6y = 15 27. Ty = —14x + 42 28. 0.5x + 0.6y = 5.4 
—2x + 3y = -3 Ty = 14x + 14 —-xty=9 
29. 15x — 10y = —80 30. —3x + y= 10 31. x — 8y = —40 
6x + 8y = —80 Tx + y = 20 —5x+ 8y = 8 
32. 2x + ay= 33. 3x — ty = -4 34, 2.8x + 14y = 1.4 
0.7x — 0.7y = 1.4 
ee ee er 
5 5 5 gr 49 2 


35. ‘ ComparRING Cars Car model X costs 
$22,000 to purchase and an average of 
$.12 per mile to maintain. Car model Y 
costs $24,500 to purchase and an average 


os 
co 


a 
& 
‘ 
24 
aner at 
of $.10 per mile to maintain. Use the graph zz 
to determine how many miles must be B 36 
driven for the total cost of the two models — 
to be the same. B35 
289 
36. % AEROBICS CLASSES A fitness club | | | O°} 10] 120 | 130] 
offers two water aerobics classes. There Miles (thousands) | 
are currently 40 people regularly going = 
to the morning class, and attendance is Ex. 35 


increasing at a rate of 2 people per month. 

There are currently 22 people regularly going to the evening class, and 
attendance is increasing at a rate of 8 people per month. Predict when the 
number of people in each class will be the same. 


® COASTAL POPULATION In Exercises 37-39, use the table below, which 
gives the percents of people in the contiguous United States living within 
50 miles of a coastal shoreline and those living further inland. 


Population in United States 1940 1997 


Living within 50 miles 46% | 53% 
of a coastal shoreline 
47% 


Living farther inland 


NE> 
ae) DATA UPDATE U.S. Bureau of the Census 
at www.mcdougallittell.com 


37. For each location, write a linear model to represent the percent at time f, 
where f represents the number of years since 1940. 


38. Graph the linear equations you wrote. 


39. From your graphs, estimate when the percent of people living near the coast 
equaled the percent living inland. 
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40. “) LAUNDRY You do 4 loads of laundry each week at a launderette where 
each load costs $1.25. You could buy a washing machine that costs $400. 
Washing 4 loads at home will cost about $1 per week for electricity. How 
many loads of laundry must you do in order for the costs to be equal? 


olan). 
Test és} 41. MIULTIPLE CHOICE Which ordered pair is a solution of the linear system? 
Preparation x+y=0.5 
x+2y=1 
@ (0, —2) (-0.5,0) © (0,0.5) @® (0, —0.5) 
42. MULTIPLE CHOICE If y — x = —3 and4x + y = 2, thenx = 2. 
@ | =i © 5 @D —5 


* Challenge 43. SOLVE USING A SYSTEM You know how to solve the equation 


$x +2= Sx — 12 algebraically. This equation can also be solved 


graphically by solving the linear system. 


y= xt2 
= oye 
y= 5x 12 


a. Explain how the linear system is related to the original equation. 
b. Solve the system graphically. 
c. Check that the x-coordinate from part (b) satisfies the original equation 


$x +2= Sx — 12 by substituting the x-coordinate for x. 


Use the method shown in Exercise 43 to solve the equation graphically. 


www.mcdougallittell.com 44. an =3x- 11 45.x+1= a +2 46. 1.2x — 2 = 3.4x — 13 


5 2 


MIXED REVIEW 


POPSET OTHE HEHE ETOH EEE E EEE EE EEE EEEEHEEEEEOEEEEEEEHE EEE EEE EEE EEEEHEEEEEEEEEEEEEEE EEE EEEE EEE EEEEEEEEEEEEEEEEOEEEEEOEEEEEEEEEEESD 


SOLVING EQUATIONS Solve the equation. (Review 3.3 for 7.2) 
47.3x+7=—-2 48. 15 — 2a=7 49. 21 = 7(w — 2) 
50. 2y + 5 = 3y 51. 2(z — 3) = 12 52. —(3 —x) = —-7 


WRITING EQUATIONS Write an equation of the line that passes through the 
point and has the given slope. Use slope-intercept form. (Review 5.2) 


53. (3, 0), m = —4 54. (—4, 3), m=1 55. (1, —5),m=4 
56. (—4,—-1),m=—-2 57. (2,3),m=2 58. (-1,5),m= < 


59. ‘4 SUSPENSION BRIDGES The Verrazano-Narrows Bridge in New York 
City is the longest suspension bridge in North America, with a main span of 
4260 feet. Write an inequality that describes the length in feet x of every 
other suspension bridge in North America. Graph the inequality on a number 

Verrazano-Narrows Bridge line. (Review 6.1) 


7.1 Solving Linear Systems by Graphing 


ACTIVITY 7.1 


Using Technology 


NE; 
B, oD KEYSTROKE 


% HELP 
See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 7.1 


Solving Linear Systems by Graphing 


> EXAMPLE 


Solve the linear system by graphing. 
yy = —(.285 ar Ile Equation 1 


y = 0.6x — 1.5 Equation 2 
> SOLUTION 


1) Enter the equations. 2) Set an appropriate viewing window 
to graph both equations. 


Y1@-—.3X+1.8 
Yo@.6X-1.5 


WINDOW 
Xmin=-10 
Xmax=10 
Xscl=1 


Ymin=-10 
Ymax=10 
Yscl=1 


3] Graph both equations. You can 4) Use the Intersection feature 
use the direction keys to move to estimate a point where the 
the cursor to the approximate graphs intersect. Follow your 
intersection point. calculator’s procedure to display 


the coordinate values. 


Intersection 
X=3.66667 Y=.7 


\ si] 
a ny 


> The solution of the system of linear equations is approximately (3.7, 0.7). 


> EXERCISES 


In Exercises 1-4, solve the linear system. Check the result in each of the 
original equations. 


ly=x+6 203% a y= 2 
y= =e — J ca) — 8 

oh —O.25 = y = 22D 4. —0.8x + 0.6y = —12.0 
= {l25Sse oF oy = = 25) wore = SO = 122,75 


5. Graph the linear system at the right. 3x + 9y = 8 
Die sp (OW) = 7/ 


Describe the lines, and explain why the linear system has no solution. 
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Solving Linear Systems 
by Substitution 


€QV®) usine suestirution 
What you should learn 


eee RRR ERE ee EEE EERE EEE E EEE E EEE EEE EERE E EEE EEE EEE EE EEE EE EEE REESE REESE EEE EERE REESE EEE EES 


) GOAL 1) Use substitution to In this lesson you will study an algebraic method for solving a linear system. 
solve a linear system. 


Model a real-lif 
uO Hodela ora SOLVING A LINEAR SYSTEM BY SUBSTITUTION 
situation using a linear 


system, such as the average 
number of visitors to a 


Museum in Example 3. Substitute the expression from Step 1 into the other equation 


: and solve for the other variable. 
Why you should learn it 
Substitute the value from Step 2 into the revised equation from 


Step 1 and solve. 


Solve one of the equations for one of its variables. 


Y To solve real-life problems 
such as finding a distance run 


in Exs. 46 and 47. 
~~ 


Check the solution in each of the original equations. 


GZVEED The Substitution Method 


Solve the linear system. -xty=1 Equation 1 
2x+y=-2 Equation 2 


SOLUTION 
@ Solve for y in Equation 1. 


y=x+1 Revised Equation 1 
© Substitute x + 1 for y in Equation 2 and solve for x. 
2x+y=-2 Write Equation 2. 
2x + (x +1) = -2 Substitute x + 1 for y. 
3x +1=-2 Simplify. 
3x = —3 Subtract 1 from each side. 
x=-1 Solve for x. 


© To find the value of y, substitute —1 for x in the revised Equation 1. 


y=xt+1 Write revised Equation 1. 
y=-1+1 Substitute —1 for x. 
y=0 Solve for y. 


© Check that (—1, 0) is a solution by substituting —1 for x and 0 for y in each 
of the original equations. 


> The solution is (—1, 0). 


7.2 Solving Linear Systems by Substitution 


GVHD The Substitution Method 


Solve the linear system. 


2x + 2y = 3 Equation 1 
x-4y=-1 Equation 2 
SOLUTION 
a Solve for x in Equation 2 because it is easy to isolate x. 
Study Tip 
When using substitution, x=4y-1 Revised Equation 2 
ill get th ; : 
rien area ste Substitute 4y — 1 for x in Equation | and solve for y. 
solve for y first or x first. 2x + 2y=3 Write Equation 1. 
You should begin by 
solving for the variable 2(4y — 1) + 2y =3 Substitute 4y — 1 for x. 
that is easier to isolate. 
8y —-2+2y=3 Distribute the 2. 


10y —2=3 Simplify. 
10y =5 Add 2 to each side. 


Y= 5 Solve for y. 


Substitute + for y in the revised Equation 2 to find the value of x. 


x=4y-1 Write revised Equation 2. 
x=4 a\2 1 Substitute 2 for 
2 oe 


x=1 Solve for x. 


Check by substituting 1 for x and 5 for y in each of the original equations. 


EQUATION 1 EQUATION 2 
2x + 2y =3 x—-—4y=-1 
1); aA ey 2 = 

(i) + 2(4) 2 3 1 4(3) 2 1 
2+12 3 1-22-1 
3=3 —[=-—] 


> The solution is (1, 5). 


When you use the substitution method, 
you can still use a graph to check the 
reasonableness of your solution. For 
instance, the graph at the right shows 

a graphic check for Example 2. 
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€QVO move a REAL-LIFE PROBLEM 


GEE) Writing and Using a Linear System 


MUSEUM ADMISSIONS In one day the National Civil Rights Museum in 
Memphis, Tennessee, collected $1590 from 321 people admitted to the museum. 
The price of each adult admission is $6. People with the ages of 4-17 pay the 
child admission, $4. Estimate how many adults and how many children were 
admitted that day. 


SOLUTION 


Use a verbal model to find the number of adults and children admitted to the 
museum that day. 


VERBAL Number Number Total 
MODEL of + of =| number 
adults children admitted 
Number Price of Number Price of Total 
of *| adult + of child =| amount 
| adults admission children | admission collected 
LABELS Number of adults = x (people) 
Number of children = y (people) 
Total number admitted = 321 (people) 
Price of adult admission = 6 (dollars per person) 
Price of child admission = 4 (dollars per person) 
FOCUS ON 
AP Ee sao S Total amount collected = 1590 — (dollars) 
ALGEBRAIC x + y =321 Equation 1 (Number admitted) 
MODEL 


6x +4y = 1590 


Equation 2 (Amount collected) 


Using the substitution method, you 
can determine that x = 153 when oy 700 
y = 168. The solution is the ordered | 
pair (153, 168). 


The graphs of the two equations 
appear to intersect at (153, 168). 
The solution checks graphically. 


\ 6x + 4y = 1590 
Jes NATIONAL CIVIL ry TT 
Ss RIGHTS MUSEUM 
The National Civil Rights 
Museum educates people 
about the history of the civil 
rights movement through its 


unique collections and 
powerful exhibits. 


gine: 
in APPLICATION LINK 
www.mcdougallittell.com 


| Number of children 


> You can conclude that 153 adults ee 
were admitted and 168 children ee ee 
were admitted to the National | Number of adults | 
Civil Rights Museum that day. 


7.2 Solving Linear Systems by Substitution 


GUIDED PRACTICE 


Concept Check J In Exercises 1-5, use the linear system below. 
—-x+ty =5 Equation 1 


ax +y =8 Equation 2 


1. Which equation would you choose to solve for y? Why? 

2. Solve for y in the equation that you chose. 

3. Substitute the expression into the other equation and solve for x. 
4 


. Substitute the value of x into your equation from Exercise 2. What is the 
solution of the linear system? 


5. Explain how you can check the solution algebraically and graphically. 


Skill Check 7 Use substitution to solve the linear system. 


6.3x+y=3 7.2x-y=-1 8. 3x —y=0 9.2x+y=4 
7x + 2y=1 2x+y=-7 Sy = 15 —-xty=1 
10.x-—y=0 W.xt+y=1 12.-x+4y=10 13.x+y=1 
x+ty=2 2x —y=2 x—3y= 11 x-y=2 


PRACTICE ano APPLICATIONS 


CCC E SEES E THEE EE EEE EEE EEE EEEEE EEE EEE EEE EESEEEEEEEEEESEEEEE EEE SESE EE EEEEE EEE EEEE EEE ESSE EEEESESESESEEEEEEEEEEEEEEEES 


[_ aE REASONING Tell which equation you would use to isolate a variable. 
Extra Practice Explain your reasoning. 
to help you master 14. 2x + y = —10 15. m + 4n = 30 16. 5c + 3d = 11 
skills is on p. 803. 3x -—y=0 nH Ir =0 fa f= 5 


SOLVING LINEAR SYSTEMS Use the substitution method to solve the 
linear system. 


7.y=x-4 18.s=t+4 19. 2c —d=-2 
4x + y = 26 2t+s5= 19 4c + d= 20 
20. 2a = 8 21. 2x + 3y = 31 22.p+q=4 
at+tb=2 y=xt+7 4p +q= 
23. x — 2y = —25 24.u-—v=0 25.x-y=0 
3x -—y=0 Tut+v=0 12x — 5y = —21 
26. m + 2n = 27.x-y=-5 28. —3a+b=4 
5m + 3n = —23 x+4=16 —9a+5b=-1 


29. 3w — 2u = 12 30. y = 3x 31.x+y=5 
HOMEWORK HELP w—u= 60 x = 3y 0.5x + 6.0y = 8.0 


Example 1: Exs. 14-34 


Example 2: Exs. 14-34 32.x + y = 12 33. 7g +h=-2 34. 4p + 34 =7 
Example 3: Exs. 42-44 Eee | g—2h=9 3 
~ oe ap gas 
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35. ERROR ANALYSIS You are helping a friend with tonight’s math homework. 
Answer your friend’s questions. 


3x +y =9 * Eauation 1 3x + (-3x + 9) =9 
= = 4 
ex+y =4 Equation 2 Se oy oe = 


3x+y =9 
9=9 

y = -3x + 9 
What does this mean? 


How do | find the answer? 


™) SOLVING LINEAR SYSTEMS In Exercises 36-41, use substitution to 


FOCUS ON 


APPLICATIONS = solve the linear system. Then use a graphing calculator or a computer 
to check your solution. 
36.x-—y=2 37. 2y =x 38. x —2y =9 
2x+y=1 4y = 300 — x 1.5x + O0.5y = 6.5 
39. 0.50x + 0.25y = 2.00 40. x + y = 20 41. 1.5x — y = 40.0 
ay = axt5y= 8 0.5x + 0.5y = 10.0 


42. &% TICKET SALES You are selling tickets for a high school play. Student 
tickets cost $4 and general admission tickets cost $6. You sell 525 tickets and 
collect $2876. How many of each type of ticket did you sell? 


sie SOFTBALL SIZES 43. +") ORDERING SOFTBALLS You are ordering softballs for two softball 
y_ Ss Softballs are mea- leagues. The Pony League uses an 11-inch softball priced at $2.75. The 
sured by their circumference. Junior League uses a 12-inch softball priced at $3.25. The bill smeared in the 
There are three official : 

softball seee-71 inches rain, but you know the total was 80 softballs for $245. How many of each 


12 inches, and 16 inches. size did you order? 


44. Ss MATH TEST Your math teacher tells you that next week’s test is worth 
100 points and contains 38 problems. Each problem is worth either 5 points 
or 2 points. Because you are studying systems of linear equations, your 
teacher says that for extra credit you can figure out how many problems of 
each value are on the test. How many of each value are there? 


45. % INVESTING IN STOCKS The value of your EFG stock is three times the 
value of your PQR stock. If the total value of the stocks is $4500, how much 
is invested in each company? 


‘4 RUNNING In Exercises 46 and 47, you can run 250 meters per minute 
downhill and 180 meters per minute uphill. One day you run a total of 
1557 meters in 7.6 minutes on a route that goes both uphill and downhill. 


46. Assign labels to the verbal model below. Then write an algebraic model. 


| Meters uphill | + Meters downhill | = Total meters | 


_ ae | Meters uphill | Meters downhill | 
ONES HOMEWORK HELP — 
% Visit our Web site Rate uphill Rate downhill 


www.mcdougallittell.com : : 
for help with problem 47. Find the number of meters you ran uphill and the number of meters you 


solving in Exs. 46 and 47. ran downhill. 


7.2 Solving Linear Systems by Substitution 


Test és) IVIULTI-STEP PROBLEM In Exercises 48-51, use the linear system below. 
Preparation y=xt3 
y=2x+3 
48. Graph the system. Explain what the graph shows. 
49. Solve the linear system using substitution. What does the solution mean? 
50. Which method do you think is easier for solving this linear system? 


51. Whiting Describe the advantages and disadvantages of each method. 


%& Challenge [US@P conection’ In Exercises 52 and 53, 
use the following information. On May 1, 1976, 
a team of adventurers set sail to discover how the 
ancient Polynesians regularly navigated the 
3000-nautical-mile route shown at the right. They 
sailed from Hawaii to Tahiti on a traditional 
twin-hulled canoe called the Hokule’a. 


Sailing into northeast trade winds, the crew 20° 
maintained a course represented by 
y= Sr - 215. 10° 
Sailing into southeast trade winds, the crew a Equator cian 
maintained a course represented by 
y = 7x + 1026. 24% 
At the point of intersection, the team became 
caught in the “doldrums” and made little = eee SIE? 1? TSE 
headway for 5 to 6 days. 


52. Find the coordinates of the point where the team was caught in the doldrums. 


53. The equation of the straight line passing through Hawaii and Tahiti is 
www.mcdougallittell.com 36x + 7y = —5483. Find the coordinates of Hawaii and Tahiti. 


MixeD REVIEW 


POCO EEE OEE E EEE EEE EEE EE EEE EE SEES EEE EEE EE EEEE EEE EEE EEESEEEE EEE EEEEEEEEEEEE EEE EEEE EEE EEEEEEEEEEEEEEEEEEEEESEEESESESEEEHEES 


SIMPLIFYING EXPRESSIONS Simplify the variable expression. 


(Review 2.6 for 7.3) 
54. 4¢ + 3h + 2g — 3h 55. 3x + 2y — (6x + 2y) 
56. 6(2p — m) — 3m — 12p 57. 4(3x + S5y) + 3(—4x + 2y) 


GRAPHING LINES Write the equation in slope-intercept form. Then graph 
the equation. (Review 4.6) 


58. 6x + y= 0 59. 8x —4y + 16=0 60.3x +y+5=0 
61. 5x + 3y = 3 62.x + y=0 63. y = —2 
SOLVING AND GRAPHING Solve the inequality. Then graph its solution. 
(Review 6.3, 6.4) 

64. -5<-x<-l 65. |x +5| <14 66.3 >—-x>-1 
67. 2x —6<—7or2x-—6>5 68. 3x —2 >40r3x-—2<-—5 
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Solving Linear Systems by 
Linear Combinations 


GQ) usine Linear Comeinations 


 cxessneseosesnnscenecesennnsnnnenonsersnnnnneesnecgnnsnnnnesnontnanantseensoneansunneesseegnsntht 


GOAL 1 J Use linear Sometimes when you want to solve a linear system, it is not easy to isolate one of 
ela to solve a the variables. In that case, you can solve the system by linear combinations. A 
SHENG MSIE IUE TENS linear combination of two equations is an equation obtained by adding one of 


Model a real-life the equations (or a multiple of one of the equations) to the other equation. 
problem using a system of 

linear equations, such as SOLVING A LINEAR SYSTEM BY LINEAR COMBINATIONS 
the mixture problem in 

Example 4. Arrange the equations with like terms in columns. 

Why you should learn it Multiply one or both of the equations by a number to obtain 

; coefficients that are opposites for one of the variables. 

Y To solve real-life problems 

such as finding the speed Add the equations from Step 2. Combining like terms will 

of the current in a river eliminate one variable. Solve for the remaining variable. 


Substitute the value obtained in Step 3 into either of the 
original equations and solve for the other variable. 


in Ex. 48. I 
> 


Check the solution in each of the original equations. 


GETTER Using Addition 


Solve the linear system. 4x + 3y = 16 Equation 1 
2x — 3y =8 Equation 2 


SOLUTION 
@ The equations are already arranged. 


® The coefficients for y are already opposites. 


© Add the equations to get an equation in one variable. 


4x + 3y = 16 Write Equation 1. 

2x —3y= 8 Write Equation 2. 

6x = 24 Add equations. 
x=4 Solve for x. 


© Substitute 4 for x in the first equation and solve for y. 
4(4) + 3y = 16 Substitute 4 for x. 
y=0 Solve for y. 
® Check by substituting 4 for x and 0 for y in each of the original equations. 
> The solution is (4, 0). 


7.3 Solving Linear Systems by Linear Combinations 


_ T EXAMPLE 2 } Using Multiplication First 
Study Tip 


Sometimes you can add Solve the linear system. 3x + 5y = 6 Equation 1 
the original equations —4x+ 2y=5 Equation 2 
because the coefficients 

are already opposites as SOLUTION 


in Example 1. In Example 


2 you need to multiply The equations are already arranged. You can get the coefficients of x to be 


both equations by opposites by multiplying the first equation by 4 and the second equation by 3. 
ene 3x+5y=6 Multiplyby4> 12x + 20y = 24 
—4x+2y=5 Multiplyby3. = —12x+ 6y=15 
26y = 39 Add equations. 


y=1.5 Solve for y. 


Substitute 1.5 for y in the second equation and solve for x. 


—4x + 2y =5 Write Equation 2. 
—4x + 2(1.5) =5 Substitute 1.5 for y. 
—4x+3=5 Simplify. 
x= -0.5 Solve for x. 


> The solution is (—0.5, 1.5). Check this in the original equations. 


EXAMPLE 3 | Arranging Like Terms in Columns 


Solve the linear system. 3x + 2y = 8 Equation 1 
2y = 12 — 5x Equation 2 


SOLUTION 
First arrange the equations. 


3x + 2y = 8 Write Equation 1. 
5x + 2y = 12 Rearrange Equation 2. 


You can get the coefficients of y to be opposites by multiplying the second 
equation by —1. 


3x + 2y= 8 3x +2y= 8 
5x+2y=12 Multiplyby—1..5 —5x — 2y = —12 


—2x = —4 Add equations. 
x=2 Solve for x. 
Substitute 2 for x into the first equation and solve for y. 
3x + 2y=8 Write Equation 1. 
3(2) + 2y =8 Substitute 2 for x. 


L gory HOMEWORK HELP 6+ 2y=8 Sinupiy: 


Visit our Web site y=1 Solve for y. 
www.mcdougallittell.com 
for extra examples. > The solution is (2, 1). Check this in the original equations. 
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@QV® moveune a REAL-LIFE SITUATION 


EERE EERE RTE E EEE EERE EEE EERE EEE HEHEHE EEE EEE EEEEEEEE EEE EEE EEEEEEEEEEEEEEEE EEE EE EEE HERES EEE EE EEE HEED 


Legend has it that Archimedes used the relationship between the weight of an object 
and its volume to prove that his king’s gold crown was not pure gold. If the crown 
was all gold, it would have had the same volume as an equal amount of gold. 


ofS Sm Selle! 


Gold block has Silver block has Gold block, crown, and silver block 
same weight same weight displace different amounts of water. 
as crown. as crown. 


GEV) Writing and Using a Linear System 


GOLD AND SILVER A gold crown, suspected of containing some silver, was 
found to have a weight of 714 grams and a volume of 46 cubic centimeters. The 
density of gold is about 19 grams per cubic centimeter. The density of silver is 
about 10.5 grams per cubic centimeter. What percent of the crown is silver? 


SOLUTION 
VERBAL Gold © , Silver _| Total 
MODEL volume volume volume 
Gold |, Gold | Silver |, Silver _ | Total 
FOGwstor | density| volume density | volume weight 
PEOPLE 
LABELS Volume of gold = G (cubic centimeters) 
Volume of silver = §$ (cubic centimeters) 
Total volume = 46 (cubic centimeters) 
Density of gold = 19 (grams per cubic centimeter) 
Density of silver = 10.5 (grams per cubic centimeter) 
Total weight = 714 (grams) 
ALGEBRAIC G+ S =46 Equation 1 
MoDEL 


19G + 10.5S =714 — Equation2 


ay ARCHIMEDES In 


— the third century B.C, Use linear combinations to solve for S. 
Archimedes supposedly 
used the relationship —19G — 19S = —874 Multiply Equation 1 by —19. 


between the weight of an 19G + 10.5S = 714 — Write Equation 2. 


object and its volume to 
uncover a fraud in the 


manufacture of a gold ; : 3 3 
crown. > The volume of silver is about 19 cm°. The crown has a volume of 46 cm’, 


ANE, 
in APPLICATION LINK 
www.mcdougallittell.com 


—8.5$ = —160 Add equations. 


so the crown is a =~ 41% silver by volume. 


7.3 Solving Linear Systems by Linear Combinations 


GUIDED PRACTICE 


POOP OSES ESEHHE EEE SOOH ESSE SOOO TEES OOHE ES OSHOOE SE ESOSH ESSE SHOE TEES HOHE ES OTOH E THESES ES ESHOEE EE ETOEHTEESESEEEE ES EHEOE EES ESES 


Vocabulary Check J 1. When you use the linear combinations method to solve a linear system, what 
is the purpose of using multiplication as the first step? 


Concept Check J ERROR ANALYSIS Find and describe the error. Then correctly solve the 
linear system by using linear combinations. 


Skill Check / Explain the steps you would use to solve the system of equations using 
linear combinations. Then solve the system. 
4.x+ 3y=6 5.x — 3y=0 6. 3x —4y =7 7.2y = —2 4+ 2x 
x—-3y=12 x+ 10y = 13 2x-y=3 2x + 3y = 12 


PRACTICE anp APPLICATIONS 


SOPOT EHO E EEE E EEE EE EEE EEE EEE EEE EEE EEE EE EEE EEE EEEE EES EEEEE EEE SEES SEES EEE EEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEE 


USING ADDITION Use linear combinations to solve the system of linear 
A equations. 
Extra Practice 


to help you master 8.2x+y=4 9.a-—b=8 10. y— 2x =0 11.m+ 3n=2 
skills is on p. 803. x-y=2 at+b=20 6y + 2x =0 —m + 2n = 3 


12.p+4g=23 133v-2w=1 Msgt+h=2  15.65x—2.5y=4.0 


—p+q=2 2v+2w=4 —g-h=2 1.5x + 2.5y = 4.0 


USING MIULTIPLICATION FIRST Use linear combinations to solve the 
system of linear equations. 


16.x-—y=0 17.v-—w=-5 18. x + 3y =3 
—3x-y=2 v+2w=4 x+ 6y = 3 
19.22 — 3h=0 20. 2p —q=2 21. 2a + 62 = 4 
3g —2h=5 2p + 3q = 22 3a — 7z=6 
22.5e + 4f=9 23. 10m + 16n = 140 24. 9x — 3z = 20 
4e+5f=9 5m — 8n = 60 3x + 6z =2 
_ ae ARRANGING LIKE TERMS Use linear combinations to solve the system of 
HOMEWORK HELP linear equations. 
Example 1: Exs. 8-15 
Example 2: Exs. 16-24, 25.x + 3y = 12 26. 3b + 2c = 46 27.y=x-9 
31-42 —3y + x = 30 5c+b=11 x+ 8y=0 
Example 3: Exs. 25-42 


4p — 16 =q 2u = 150-—v 3.6 = -0.2g +h 
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is Look Back 


For help with simplifying 
expressions, see p. 102. 


FOCUS ON 
APPLICATIONS 


ams) 2, 
ay HONEY BEES In 


1990, unusually cold 
weather and predators 
destroyed 90% of the wild 
honey bee colonies in the 
United States. If a colony is 
destroyed, farmers may 
need to rent bee hives to 
pollinate their crops. 


AGA 
om APPLICATION LINK 
www.mcdougallittell.com 


SOLVING LINEAR SYSTEMS In Exercises 31-42, use linear combinations to 
solve the system of linear equations. 


31.x + 2y =5 32. 3p — 2 = -q 33. 3g — 24 = —4h 
Sx —y=3 —q+2p =3 —-2+2h=g 
34.t+r=1 35.x + 1-—3y=0 36. 3a + 9b = 8b—-a 
2r—-—t=2 2x = 7 — 3y 5a—10b=4a-—9b +5 
37.2m—4=4n 38. 3y = —5x+ 15 39. 37 + 5k = 19 
m-2=n -y=-3x+9 4j — 8k = -4 
40. 1.5v—-65w=3.5 41.5y—-20=—4 42. 9¢- Th=% 


0.5v + 2w = —3 ee) 
pager 4 3g +h=y 


43. % WEIGHT OF GOLD A gold and copper bracelet weighs 238 grams. The 
volume of the bracelet is 15 cubic centimeters. Gold weighs 19.3 grams per 
cubic centimeter, and copper weighs 9 grams per cubic centimeter. How 
many grams of copper are mixed with the gold? 


44. ® HONEY BEE PATHS A farmer is tracking 
two wild honey bees in his field. He maps 
the first bee’s path back to the hive on 


the line y = ax, The second bee’s path 


follows the line y = —3x + 12. Their paths 
cross at the hive. At what coordinates will 
the farmer find the hive? 


% AIRPLANE SPEED In Exercises 45-47, use the following information. 

It took 3 hours for a plane, flying against the wind, to travel 900 miles from 
Alabama to Minnesota. The “ground speed” of the plane is 300 miles per hour. 
On the return trip, the flight took only 2 hours with a ground speed of 450 miles 
per hour. During both flights the speed and the direction of the wind were the 
same. The plane’s speed decreases or increases because of the wind as the verbal 
model below shows. 


‘Speed in still air) — 


Wind speed | = |Ground speed against wind 


Wind speed | = |Ground speed with wind 


|Speed in still air) + 


45. Assign labels to the verbal model shown above. Use the labels to translate 
the verbal model into a system of linear equations. 


46. Solve the linear system. 
47. What was the speed of the plane in still air? What was the speed of the wind? 


48. “) STEAMBOAT SPEED A steamboat went 8 miles upstream in | hour. The 
return trip took only 30 minutes. Assume that the speed of the current and the 
direction were constant during both parts of the trip. Find the speed of the 
boat in still water and the speed of the current. 


7.3 Solving Linear Systems by Linear Combinations 


SOLVING EFFICIENTLY In Exercises 49-51, decide which variable to 
eliminate when using linear combinations to solve the system. Explain 
your thinking. 


49. 2x +3y=1 50. Sy — 3x =7 B1. x + 6y = 6 
4x — 2y = 10 x+3y=7 —x+3y=3 


52. Whiting Describe a general method for deciding which variable to 
eliminate when using linear combinations. 


Test é=) QUANTITATIVE COMPARISON In Exercises 53-55, solve the system. Then 
Preparation choose the statement below that is true about the solution of the system. 
CAD The value of x is greater than the value of y. 
CB The value of y is greater than the value of x. 
C& The values of x and y are equal. 
©) The relationship cannot be determined from the given information. 
53.x+y=4 54.x—Sy+1=6 55. 3x + Sy = —-8 
x—-2y=1 x = 12y x—-2y=1 
* Challenge 56. SYSTEM OF THREE EQUATIONS Solve for x, y, and z in the system of 


equations. Explain each of your solution steps. 


3x + 2y+z= 42 


by +24 12 = 3x 
www.mcdougallittell.com x-3y=0 


MIXED REVIEW 


COCO SH HOES HEHEHE EEE TEETH EH ESET EEE SHEE EEEEEEEEEEESEE EEE OEEEHE SESE EEE ESEEE EE EEESEE EES ESEEEEEEEEEEEEEEEEEESEEESEEEEEEEEEESEOEES 


WRITING EQUATIONS Write an equation of the line in slope-intercept form 
that passes through the two points, or passes through the point and has 
the given slope. (Review 5.2, 5.3) 


57. (—2, -1), (4,2) 56. (2.4). m=3 59. (6, 5), (2, 1) 
60. (5, 1), m=5 61. (9, 3),m = -4 62. (4, —5), (-1, -3) 


CHECKING SOLUTIONS Check whether each ordered pair is a solution of 
the inequality. (Review 6.5) 


63. 3x — 2y <2; (1, 3), (2, 0) 64. 5x + 4y = 6; (—2, 4), (5, 5) 
65. 5x + y > 5: (5,5), (—5, —5) 66. 12y — 3x < 3; (2, 4), (1, -1) 


SOLVING SYSTEMS Use substitution to solve the linear system. 
(Review 7.2 for 7.4) 


67. —6x — Sy = 28 68. m + 2n = 1 69. g — 5h = 20 
x—-2y=1 5m — 4n = —23 4g + 3h = 34 

70. p + 4q = —9 71. 2b-a=0 72.d—e=8 
2p — 3q=4 1+b=2a ed=e+4 


Chapter 7 Systems of Linear Equations and Inequalities 


Quiz 1 Self-Test for Lessons 7.1-7.3 


eee eeeeeeeeseseeeeeee COOPER O HEHE E EEE EEE EEE EEEEEEEEEEEES eeeeeeee eeeeeee Cee e ee eeeeeeeseeeeeeeeees eeeeeeeeeseees 


Graph and check to solve the linear system. (Lesson 7.1) 
1 3 


1.3x+y=5 2.5x + 7y=9 3.x — 2y=0 
—x+y=-7 3x -—y=0 
By —2x+y= —-4 
Use substitution to solve the linear system. (Lesson 7.2) 
4. 4x + 3y = 31 5.-12x+ y= 15 6.x t4y=7 
Use linear combinations to solve the linear system. (Lesson 7.3) 
Li y= 8. 3x — Sy = —4 9, x + ay = 
3x — 5y = 10 —9x + Ty =8 
—y=12—-2x 


10. SS COMPACT DISC SALE A store is selling compact discs for $10.50 and 
$8.50. You buy 10 discs and spend a total of $93. How many compact discs 
did you buy that cost $10.50? that cost $8.50? (Lessons 7.1-7.3) 


ANE; 
o 


APPLICATION LINK 
www.mcdougallittell.com 


Systems of Linear Equations 


THE FIRST KNOWN SYSTEM of linear equations appeared in a Chinese book about 
2000 years ago. The problem below appeared in the book Shu-shu chiu-chang in 1247. 


7 yoo. F 
A storehouse has three kinds of ae cotton, floss sland raw silk. lf) 
They take are of the materials and cat toci tot and make 


1. In the equations above, what does x represent? What does y represent? 
2. Solve the linear system and interpret the solution. 


CASH REGISTERS can keep track of inventory and notify a store’s 
manager when inventory needs to be ordered. 


c. 3000 B-c. | 


: Cash register 
is invented. 


The first abacus -------! i : 
? Modern cash registers 


have scanners. 


7.3 Solving Linear Systems by Linear Combinations 


Applications of Linear Systems 


G@QV® cuoosine a SotuTion METHOD 


What you should learn mM WAYS TO SOLVE A SYSTEM OF LINEAR EQUATIONS 
GD Choose the best GRAPHING: A useful method for approximating a solution, checking the 
He to solve a system of reasonableness of a solution, and providing a visual model. (Examples 1-3, 
inear equations. pp. 398-400) 
GL Use a system to SUBSTITUTION: A useful method when one of the variables has a 
model real-life problems, coefficient of 1 or —1. (Examples 1-3, pp. 405-407) 


such as the mixture problem 
in Example 2. 


Why you should learn it 


V To solve real-life problems 


such as choosing between = S°EVTIESED Choosing a Solution Method 
two jobs in Example 3. 


LINEAR COMBINATIONS: A useful method when none of the variables has 
a coefficient of 1 or —1. (Examples 1-4, pp. 411-413) 


SELLING SHOES A store sold 28 pairs of cross-trainer shoes for a total of $2220. 
Style A sold for $70 per pair and Style B sold for $90 per pair. How many of each 
style were sold? 


SOLUTION 
VERBAL Number of Numberof Total number 
MODEL Style A 5 StyleB ~~ sold 


Price of} Numberof |Priceof| Numberof | Total 
| StyleA |" StyleA | StyleB|" StyleB  ~ |receipts 


LABELS Number of Style A = x (pairs of shoes) 
Number of Style B = y (pairs of shoes) 
Total number sold = 28 (pairs of shoes) 
Price of Style A = 70 (dollars per pair) 


Price of Style B = 90 (dollars per pair) 
p Study Tip Total receipts = 2220 (dollars) 


Examples 1 and 2 are 


called mixture problems. Atcesraic x + y = 28 Equation 1 
Mixture problems often MODEL 
have one equation of the 70x + 90y = 2220 Equation 2 
_ form 
x + y= amount Because the coefficients of x and y are 1 in Equation 1, substitution is most 
and another equation in convenient. Solve Equation 1 for x and substitute the result into Equation 2. 


which the coefficients of 


eandvarenctt Simplify to obtain y = 13. Substitute 13 for y in Equation 1 and solve for x. 


> The solution is 15 pairs of Style A and 13 pairs of Style B. 
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PGOAL 2) SOLVING REAL-LIFE PROBLEMS 


P EXAMPLE 2] Solving a Mixture Problem 


CAR MAINTENANCE Your car’s manual recommends that you use at least 
89-octane gasoline. Your car’s 16-gallon gas tank is almost empty. How much 
regular gasoline (87-octane) do you need to mix with premium gasoline 
(92-octane) to produce 16 gallons of 89-octane gasoline? 


SOLUTION 


An octane rating is the percent of isooctane in the gasoline, so 16 gallons of 
89-octane gasoline contains 89% of 16, or 14.24, gallons of isooctane. 


VERBAL Volume of " Volume of _ | Volume of 
MODEL regular premium ~ | 89-octane 
Isooctane in a: Isooctanein _ Isooctane in 
| regular premium | 89-octane 


LABELS Volume of regular = x (gallons) 
Volume of premium = y (gallons) 
Volume of 89-octane = 16 (gallons) 
Isooctane in regular = 0.87x (gallons) 
Isooctane in premium = 0.92y (gallons) 


Isooctane in 89-octane = 14.24 (gallons) 
FOCUS ON 


APPLICATIONS ALGEBRAIC x+y =16 Equation 1 
MODEL 


a 0.87x + 0.92y = 14.24 Equation 2 

Use substitution. Solve Equation 1 for y and substitute into Equation 2. 
y=16-x Solve Equation 1 for y. 

0.87x + 0.92(16 — x) 


14.24 Substitute 16 — x for y in Equation 2. 


—0.05x = —0.48 Simplify. 
x = 9.6 Solve for x. 

9.6+ y= 16 Substitute 9.6 for x in Equation 1. 
y= 6.4 Solve for y. 


> 
ay CAR ENGINE Ina 
car engine, fuel and WA CHECK Substitute in each equation to check your result. 

air in the cylinder are ignited 


by a spark to provide power EQUATION 1 EQUATION 2 

to drive the engine. Using a 

fuel withthe correctoctars 9.6 + 6.4 2 16 0.87(9.6) + 0.92(6.4) 2 14.24 
reuyigimahe stile engine a 16.0 = 16 8.352 + 5.888 = 14.24 
more smoothly. 

io APPLICATION LINK > You need to mix 9.6 gallons of regular gasoline with 6.4 gallons of 
www.mcedougallittell.com premium gasoline to get 16 gallons of 89-octane gasoline. 


7.4 Applications of Linear Systems 


ay GEV) Making a Decision 
Caree sions 


You are offered two different sales jobs. Job A offers an annual salary of $30,000 
plus a year-end bonus of 1% of your total sales. Job B offers an annual salary of 
$24,000 plus a year-end bonus of 2% of your total sales. 


a. How much would you have to sell to earn the same amount in each job? 


b. You believe you can sell between $500,000 and $800,000 of merchandise per 
year. Which job should you choose? 


SOLUTION 
a. First find a linear system that models the situation. 


VERBAL Total earnings =| JobA salary | +|1%|- Total sales 
MODEL 
Total earnings — | Job B salary | + |2% |. Total sales 
LABELS Total earnings = y (dollars) 
Total sales = x (dollars) 
Salary for Job A = 30,000 (dollars) 
Salary for Job B = 24,000 (dollars) 
ALGEBRAIC y = 30,000 + 0.01 x Equation 1 (Job A) 
MODEL 


y = 24,000 + 0.02 x Equation 2 (Job B) 
Use linear combinations to solve this system of linear equations because you 
can easily get the coefficients of y to be opposites. 


y= 30,000 + 0.01x Write Equation 1. 
—y = —24,000 — 0.02x Multiply Equation 2 by —1. 


0= 6000 — 0.01x Add equations. 
0.01x = 6000 Add 0.01x to each side. 
x = 600,000 Solve for x. 


The solution of the linear system is x = 600,000 and y = 36,000. 


> You would have to sell $600,000 worth of merchandise to earn the same 
amount of money in each job. 


b. One way to decide which 
job to choose is to draw a 
graph of the linear system. 


> From the graph you can 
see that if your sales are 


Dollars earned | 
(thousands) 


greater than $600,000, 
Job B would pay better rT 1°o "200 400° 600-800 1000 1200 x 
than Job A. | | [ | [ | | Dollars sold (thousands) | mal 
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GUIDED PRACTICE 


COOPER E HEHEHE EEE OHHH EEE ESET EEE EEE EEEEE EE EE EEE EEE EEE EEE EEEEEEEEEEEE HESS SEES EEE EEE EE EEEEEE EEE EEEEEEEEEEEEEEEEEEEEE ESOS 


Concept Check J 1. Solve the linear system in Example 3 using the substitution method. 


2. You have seen three ways to solve the linear system in Example 3. Which 
method or methods do you prefer for solving the linear system in 
Example 3? Why? 


Skill Check 7 Choose a method to solve the linear system. Explain your choice. 


3.x + y = 300 4. 3x + Sy = 25 5.2x +y=0 
x+3y = 18 2x — 6y = 12 xty=5 


% PRICE PER GALLON In Exercises 6-9, use the following problem. 
The total cost of 10 gallons of regular gasoline and 15 gallons of premium 
gasoline is $32.75. Premium costs $.20 more per gallon than regular. What is 
the cost per gallon of each type of gasoline? 


6. Write a verbal model for the problem. 
7. Assign labels to the verbal model. 
8. Write a linear system as an algebraic model. 


9. Solve the system and answer the question. 


PRACTICE ano APPLICATIONS 


SOOO E EEE EEE EEE EEE EEE EEE EEE EEE SESE EEE EEEEE EE EEE EEE EEEEE SEES SEES EEE EEES ESE SESE SES EEEEEEEEEEEEEEEEEEEEEEESESEEEEESESS 


_ aaa COMPARING METHODS Solve the linear system using all three methods 
Extra Practice Onipageats: 
to help you master 10.x+y=2 .x-y=1 12. 3x —y =3 
skills is on p. 803. 6xty=2 x+y=5 —x+y=3 


CHOOSING A SOLUTION METHOD Choose a method to solve the linear 
system. Explain your choice. 


13.6x+y=2 14. 2x + 3y =3 15. —3x = 36 
9x -—y=5 5x + 5y = 10 -—6xt+y=1 

16. 2x —5y =0 17. 3x + 2y = 10 18. 6.2x — O0.5y = —27.8 
x-y=3 2x + Sy = 3 0.3x + 0.4y = 68.7 


SOLVING LINEAR SYSTEMS Choose a method to solve the linear system. 
Explain your choice, and then solve the system. 


19.2x+y=5 20. 2x —y =3 21.x-—2y=4 
x-y=l1 4x + 3y = 21 6x + 2y = 10 
22. 3x + by = 8 23.x + y=0 24. 2x — 3y = -7 
ae —6x + 3y = 2 3x + 2y= 1 3x ty =—5 
HOMEWORK HELP 25. 3y + 4x =5 26. 8k + y = 15 27. 100 — 9x = 5y 
Example 1: Exs. 10-48 xty=1 9=2y+ 2x 0 = Sy — 9x 
Example 2: Exs. 10-48 
Example 3: Exs. 10-48 28.x + 2y = 2 29. -y= —4 30. 0.2x — 0.5y = —3.8 
x+4y=-2 x+2y=4 0.3x + 0.4y = 10.4 


7.4 Applications of Linear Systems 


FOCUS ON 
APPLICATIONS 


ay URBAN GARDENS 


Cities are blossom- 
ing with thousands of 
gardens. They provide green 
areas of plant life amid acres 
of steel and concrete. 


ENED 
pe] APPLICATION LINK 
www.mcdougallittell.com 


CHOOSING A IMIETHOD In Exercises 31-45, solve the linear system. 


31. 6x —y= 18 32.x-y=—-4 33.x+ 2y=8 
8x + y = 24 2y+x=5 3x —2y = 8 
34.x+ 2y=1 35. 8x + 4y = 8 36. 3x — 5y = 8 
5x — 4y = —23 —2x + 3y = 12 —2x + 3y =3 
37.2x -—y=6 38. 8x + Dy = 42 39. 7x + 4y = 22 
y-x=0 6x —y = 16 —5x —9y = 15 
40. 3x —5y =3 41.0.5x + 2.2y =9 42. 1.5x — 2.5y = 8.5 
9x — 20y = 6 6x + 0.4y = —22 6x + 30y = 24 
43. 3x + 9y =1 44, 3x —2y =8 45. 4x—y=—5 
2 3 1 
2x + 3y = 3 x + sy = 20 x—3y=0 


46. ‘4 GARDEN PLANTS In early spring, you buy 6 potted tomato plants for 
your container garden. The plants contained in 8-inch pots sell for $5 and the 
plants contained in 10-inch pots sell for $8. If you spend $36, how many of 
each size are you buying? 


Number of 8-inch pots| + ‘Number of 10-inch pots) = Total number buying 


Cost of all 8-inch pots) + Cost of all 10-inch pots| = ‘Total cost 


47. ESE CONNECTION § In your chemistry class you have a bottle of 5% boric 
acid solution and a bottle of 2% boric acid solution. You need 60 milliliters of 
a 3% boric acid solution for an experiment. How much of each solution do 
you need to mix together? 


48. 4) TREE GROWTH You plant a 14-inch hemlock tree in your backyard that 
grows at arate of 4 inches per year and an 8-inch blue spruce tree that grows 
at a rate of 6 inches per year. In how many years after you plant the trees will 
the two trees be the same height? How tall will each tree be? 


% PARTY PLANNING In Exercises 49 and 50, you are planning a birthday 
party for your 8-year-old cousin. You can have the party at a pizza place for 
$8 per person plus $30 for favors and a small cake or at a taco place for $12 
per person plus $14 for a large cake. 


49. How many children would you have to invite to the party for the cost to be 
the same for both places? 


50. How many children would you have to invite to the party for the cost to be 
less at the pizza place? 


51. (§ Low-INCOME HOUSING The graph 


at the right represents the demands for 


low-income rental housing in the United 


States and the number of affordable rental 


units. Use the coordinates given to write a 
linear system. Solve the system. What does 
the point of intersection represent in the 
context of the situation? 


ae 
22 
— 
Eo 
_ 3 
ge 
ss 
= 


Years since 1970 
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& ney HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for help with Ex. 55. 


BNE, 
i. £ cquy APPLICATION LINK 


Visit our Web site 
www.mcdougallittell.com 
for more information 
about absolute zero. 


% DRAWING PORTRAITS In Exercises 52-54, you are earning extra money 
drawing sketches for your friends and family. You receive $12 per sketch. 
Your expenses for art supplies are $50. 


52. Write an equation that models only your income. 


53. Suppose you plan to spend an additional $7 per sketch for a frame. Write an 
equation that models only your expenses. 


54. How many framed sketches do you have to sell in order for your income to 
equal your expenses? 


55. “} TREADMILLS You exercised on a treadmill for 1.5 hours. You ran at 
4 miles per hour, then you sprinted at 6 miles per hour. If the treadmill 
monitor says that you ran and sprinted 7 miles, how long did you run at 
each speed? 


56. % TRAVEL TIME You are driving to a concert. To arrive on time, you plan 
to travel at an average speed of 45 miles per hour. For the first two hours of 
the trip you travel at 40 miles per hour. Find the expression for the total time 
you traveled. Then use the following verbal models to find how many hours 
you traveled at 55 miles per hour to arrive on time. 


Distance at 40 mi/h) + | Distance at 55 mi/h| = | Total distance | 


Average speed 


- | Total time | = | Total distance 


GEIS CONNECTION In Exercises 57-60, a chemist is calculating absolute 
zero using the procedure below. Absolute zero is the lowest possible 
temperature for all substances. It is believed to be the temperature at 
which the volume of an ideal gas (at constant pressure) contracts to zero. 


| ° On page 1811, l found several readings for the | 
_volume and the temperature of three gases. 


| e | I made a scatter plot of the data. | 


_® [found a linear equation that relates the — 
volume (in liters) and the temperature (in 
degrees Celsius) of each gas by fitting a 
_line to the data. 


Methane: -2T + 302V = 546.4 
Water: -T + 228V = 273.2 | 


[ [| _ Nitrous 
Nitrous oxide: -3T + 1872V = 8194.6 _ 


oxide 
100 200 T 


-200 -100 
_® [solved the linear system. _ 


57. What methods could the chemist use to solve the linear system? 
58. Use the chemist’s graph to predict what absolute zero is on the Celsius scale. 
59. Does the chemist need to solve all three equations to find 7? Explain. 


60. Solve the system algebraically. 


7.4 Applications of Linear Systems 


% MARBLES In Exercises 61-63, consider a bag containing 12 marbles 
that are either red or blue. A marble is drawn at random. There are three 
times as many red marbles as there are blue marbles in the bag. 


61. Write a linear system to describe this situation. 
62. How many red marbles are in the bag? 


63. Gite:/\]/EiN@> CONNECTION What is the probability of drawing a red marble? 


Ody 
Test ES) 64. MULTIPLE CHOICE At what point do the lines 3x — 2y = O and 5x + 2y = 0 
Preparation intersect? 
@ (1, 2) (5, 2) © (3, 2) @® (0, 0) 
65. IMIULTIPLE CHOICE Find the x-value of the solution for the linear system below. 
y=2x-2 
y=3x+1 
BD —8 =—2 © 3 @ 8 


* Challenge 66. ®% RELAY RACE The total time for a two-member team to complete a 
5765-meter relay race was 19 minutes. The first runner averaged 285 meters 
per minute and the second runner averaged 335 meters per minute. Use the 
verbal model to find how many minutes the first runner ran. 


‘Time for Ist runner. + | Time for 2nd runner | = | Total time 


www.medougallittell.com Distance for Ist runner | + Distance for 2nd runner | = ‘Total distance 


MixeD REVIEW 


PARALLEL LINES Decide whether the graphs of the two equations are 
parallel lines. (Review 4.6 for 7.5) 


67. y = 4x + 3; 2y — 8x = —3 68. 4y + 5x = 1; 10x + 2y =2 
69. 3x + 9y + 2 = 0; 2y = —6x + 3 70. 4y —1=5;6y+2=8 
GRAPHING FUNCTIONS Graph the function. (Review 4.8) 

71, f(x) = 2x +3 72. h(x) =x+5 73. g(x) = —3x - 1 


® CD-ROM Drives In Exercises 74 and 75, the number of United States 
households with CD-ROM drives in their computers is shown in the scatter 
plot at the right. (Review 5.4 and 5.7) 


74. Find an equation of the line that you think best 
fits the data. Notice that x represents the 
number of years since 1993 and y represents 
the number of households out of 100. 


Computers with CD-ROM 


75. Use a linear model to estimate the number of 
households that will have computer-installed 0 
CD-ROM drives in 2003. 2 3 4 * 


Years since 1993 


(out of 100) 


7) 
s 
° 
= 
o 
a 
Ss 
° 
2S 


BNE? 


a DATA UPDATE 
www.mcdougallittell.com 


Chapter 7 Systems of Linear Equations and Inequalities 


© ACTIVITY 7.5 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 
°¢ graph paper 


B Look Back 


For help with graphing 
linear systems, see p. 399. 


= a Group Activity for use with Lesson 7.5 
Investigating 
Special Types of Linear Systems 


> QUESTION How can you identify the number of solutions of a linear 
system by graphing? 


> EXPLORING THE CONCEPT 


1) Each member of your group should choose a different one of the linear 
systems below and graph it. 


a.xt+y=0 b. 2x — 4y = 6 Cet) — ol 
she = Dy = 110) eS Dy = 3 = 30 ar Sy = 3 


2) Share your graphs. How are the three graphs different? 
(3) For the system you graphed, write both equations in the form y = mx + b. 


4) Share your results from Step 3 with the others in your group. How are the 
equations within each system alike or different? 


> DRAWING CONCLUSIONS 
1. Repeat Steps 1 through 4 above using the following systems. 


EL ee — Sy o b.x—4y=5 Cea ys 
— Ie ap (oy = — Its l x+2y=6 
Sx + ay =7 


Write a linear system for the graphical model. If only one line is shown, 
write two different equations for the line. 


3. 


CRITICAL THINKING In Exercises 5-7, the graph of a linear system is 
described. Decide whether the system has no solution, exactly one 
solution, or many solutions. Explain your reasoning. 


5. The slope and the y-intercept of the lines are the same. 
6. The lines have different slopes and y-intercepts. 


7. The lines have the same slope but different y-intercepts. 


Have each member of your group give an example of a linear system that 
has the given number of solutions. Compare your results. 


8. No solution 9. Exactly one solution 10. Many solutions 


7.5 Concept Activity 


What. you should learn 
Identify linear 


systems as having one 
solution, no solution, or 
infinitely many solutions. 


GBD Model real-life 


problems using a linear 
system, as in Ex. 30. 


Why you should learn it 


Y To solve real-life problems 
such as finding the heights of 
statues on Easter Island in 


Example 4. Pie Lee, 


fF Look Back 


For help with equations 
in one variable with no 
solution, see p. 155. 


Special Types of Linear 
Systems 


PGOAL 1) IDENTIFYING THE NUMBER OF SOLUTIONS 


ORR eee REE EERE REESE EEE EERE EERE EEE E EERE EERE EE EEE EE EEE EEE EERE EEE EE EEE EEE EE EEE EE EEE EE EEE EEE EEE EEE 


In Lessons 7.1 through 7.4, each linear system in two variables has exactly one 
solution. The summary below shows that there are two other possibilities. 


_ CONCEPT 
SUMMARY 


y y y 
x 
x x 


NUMBER OF SOLUTIONS OF A LINEAR SYSTEM 


Lines intersect Lines are parallel Lines coincide 

one solution no solution infinitely many solutions 
(the coordinates of every 
point on the line) 


EXAMPLE 1 | A Linear System with No Solution 


Show that the linear system has no solution. 2x+ty=5 Equation 1 
2x+y=1 Equation 2 


SOLUTION 

Method 1: GRAPHING Rewrite each equation 
in slope-intercept form. Then graph 
the linear system. 


y=-2x+5 Revised Equation 1 
y=-2x+4+ 1 Revised Equation 2 


> Because the lines have the same slope but different 
y-intercepts, they are parallel. Parallel lines do not 
intersect, so the system has no solution. 


Method 2: SUBSTITUTION Because Equation 2 can be revised to y = —2x + 1, 
you can substitute —2x + 1 for y in Equation 1. 


2x+y=5 Write Equation 1. 
2x + (-—2x + 1) =5 Substitute —2x + 1 for y. 
1=5 Simplify. False statement 


> The variables are eliminated and you are left with a statement that is not true 
regardless of the values of x and y. This tells you the system has no solution. 
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P EXAMPLE 2] A Linear System with Many Solutions 


Show that the linear system has infinitely many solutions. 


—2x+y=3 Equation 1 
—4x + 2y =6 Equation 2 


SOLUTION 


Ievoree=nuaens Method 1: GRAPHING Rewrite each equation 
Study Tip 


in slope-intercept form. 
When both equations of P P 


a system are in the form y=2x+3 Revised Equation 1 

y= mx + b, you can y=2x+3 Revised Equation 2 
determine the number of 

solutions. > From these equations you can see that the 


¢ different slopes: one 
solution 

* same slopes, different 
y-intercepts: no 
solution 

* same slopes, same 
y-intercepts: infinitely 
many solutions 


equations represent the same line. Any 
point on the line is a solution. 


Method 2: LINEAR COMBINATIONS You can multiply Equation | by —2. 
4x — 2y = -—6 Multiply Equation 1 by —2. 
—4x+ 2y= 6 Write Equation 2. 


O= O Add equations. True statement 


> The variables are eliminated and you are left with a statement that is true 
regardless of the values of x and y. This result tells you that the linear system 
has infinitely many solutions. 


Notice in Example 2 that —2x + y = 3 can be transformed to look exactly like 
—4x + 2y = 6 by multiplying by 2. The two equations are equivalent. That is 
why your result is 0 = 0. 


GEV) identifying the Number of Solutions 


Solve the system and interpret the results. 


a.3x+y=-l1 b.x —2y=5 c.2x+y=4 
—9x — 3y = 3 —2x + 4y =2 4x — 2y =0 
SOLUTION 


a. Using the substitution method, you get 3 = 3. This is true regardless of the 
values of x and y. This linear system has infinitely many solutions. 


b. Using linear combinations, you get 0 = 12. This is not true for any values of 
x and y. This linear system has no solution. 


c. Using the substitution method to eliminate y, you get the equation x = 1. 
This linear system has exactly one solution—the ordered pair (1, 2). 


7.5 Special Types of Linear Systems 


€QVO@ moveuine A REAL-LIFE PROBLEM 


Easter Island 
CHILE . 
k Stone statues EXAMPLE 4 ] Error Analysis 


GEOMETRY CONNECTION Two students are visiting the mysterious statues on 
Easter Island in the South Pacific. To find the heights of two statues that are too 
tall to measure, they tried a technique involving proportions. They measured the 
shadow lengths of the statues at 2:00 P.M. and again at 3:00 P.M. Why were they 
unable to use their measurements to determine the heights of the statues? 


At 2:00 P.M. At 3:00 P.M. 
there are more than 600 


massive stone statues called 

moai. The statues were 

carved hundreds of years 

ago, and some are over Tt 18 ft 20 ft 
40 feet high. 30 ft 


SOLUTION They let a and b represent the heights of the two statues. Because the 
ratios of corresponding sides of similar triangles are equal, the students wrote the 
following two equations. 


PACIFIC 
OCEAN 


Easter Island 


li Je EASTER ISLAND a 
ps is located in the 
South Pacific. On the island 


eT 18 30 50 
2:00 PM. a = ap 3.00 em = 2 
a a a= By 
a= 3b Ae 3 


> They got stuck because the equations that they wrote are equivalent. All that the 
students found from these measurements was that a = Sb. In other words, 
the height of the first statue is one and one half times the height of the second. 


To find the heights of the two statues, the students need to measure the shadow 
length of something else whose height they know or can measure. For instance, if 
at 2:00 P.M. a student 5 feet tall casts a shadow 3 feet long, the proportion 

3:5 = 27:a can be used to find the height of the taller statue. 
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GUIDED PRACTICE 


PCC SOH OSES EEE ET EES EHOEESEEESE ETE O SETHE ESOS OSES CESEHO EES EEEOE ETE OTETO EES EEESE TTC ESEHO EE SETESEE ECE SESOLESELESELEEEEOEOE EEE EES 


Vocabulary Check / In Exercises 1-3, describe the graph of a linear system that has the given 
number of solutions. Sketch an example. 


1. no solution 2. infinitely many solutions 3. exactly one solution 


Concept Check J 4. ERROR ANALYSIS Patrick says that the graph of the 
linear system shown at the right has no solution. Why 
is he wrong? 


5. Explain how you can tell if the system of linear 
equations has a solution. Then solve the system. 


x-—y=2 
4x — 4y = 8 
Skill Check / Graph the system of linear equations. Does the system have exactly one 
solution, no solution, or infinitely many solutions? 
6. 2x +y=5 7. —6x + 2y=4 8. 2x +y=7 
—6x — 3y = -15 —9x + 3y = 12 3x -—y= —-2 


Use the substitution method or linear combinations to solve the linear 
system and tell how many solutions the system has. 


9.-x+y=7 10. —-4x + y= —-8 11. —-4x + y= —-8 
2x —2y = —-18 —12x + 3y = —24 2x —2y=—-14 


PRACTICE ano APPLICATIONS 


CPPCC EHEC EEE EEE E EEE EE ESSE EEE SESE EEE EEE EE EE EEE EEE SESE EEE EEE SEES EEEE EE EEE EEE EE EE EES ESE SESE EE EEE SEES ESE SEEEE ESE SEEEEEEEEES 


MATCHING GRAPHS Match the graph with its linear system. Does 
E ‘ the system have exactly one solution, no solution, or infinitely 
xtra Practice lations? 

to help you master Many SOrsous' 

Sen aS A.—2x+ 4y=1 B. 2x — 2y=4 C.2x+y=4 
3x — 6y =9 —-xty=-2 —4x —2y = -8 

D.-x+y=1 E. 5x + 3y = 17 Fx-y=0 

x-y=l1 x—3y=-2 5x — 2y = 6 


A HOMEWORK HELP 


Example 1: Exs. 12-29 
Example 2: Exs. 12-29 
Example 3: Exs. 18-29 
Example 4: Ex. 30 


7.5 Special Types of Linear Systems 


FOCUS ON INTERPRETING ALGEBRAIC RESULTS Use the substitution method or linear 
CAREERS 


combinations to solve the linear system and tell how many solutions the 
system has. 


18. —7x + Jy =7 19. 4x + 4y = —-8 20. 2x +y = —4 
2x — 2y = —-18 2x + 2y = —4 4x — 2y =8 

21. 15x — 5y = —20 22. —6x + 2y = —2 23.2x +y=—1 
—3x+y=4 —4x-—y=8 —6x — 3y = -15 


INTERPRETING GRAPHING RESULTS Use the graphing method to solve the 
linear system and tell how many solutions the system has. 


wre 24.x+y=8 25. 3x — 2y =3 26.x-—y=2 
xty=-—l —6x + 4y = -6 —2x + 2y=2 
ay CARPENTERS 
~ — Carpenters know 27. —x + 4y = —20 28. 6x — 2y =4 29. 3x +4) =10 
which materials will work ay = jy = a8 8 4 2 
best on a variety of projects _ ye 4x + 2y = ae Lee 
; 3 ax y= 4 


Their skills include framing 
walls, installing doors and 


windows, and tiling. 30. % JEWELRY You have a necklace and matching bracelet with 2 types of 


ons beads. There are 30 small beads and 6 large beads on the necklace. The 
{yo CAREER LINK : 
www.medougallittell.com bracelet has 10 small beads and 2 large beads. The necklace weighs 3.6 


grams and the bracelet weighs 1.2 grams. If the chain has no significant 
weight, can you find the weight of one large bead? Explain. 


‘4 CARPENTRY SUPPLIES In Exercises 31 and 32, use the following 
information. 

A carpenter is buying supplies for a job. The carpenter needs 4 sheets of oak 
paneling and 2 sheets of shower tileboard. The carpenter pays $99.62 for these 
supplies. For the next job the carpenter buys 12 sheets of oak paneling and 

6 sheets of shower tileboard and pays $298.86. 


31. Could you find how much the carpenter is spending on 1 sheet of oak 
paneling? Explain. 


32. If the carpenter later spends a total of $139.69 for 1 sheet of shower tileboard 
and 8 sheets of oak paneling, could you find how much | sheet of oak 
paneling costs? Explain. 


33. CRITICAL THINKING Use linear systems to determine where the 
x-coordinate is equal to the y-coordinate on the graph of 2x + 3y = 25. 


USING A SPREADSHEET In 2 = —————— 
== Exercises 34 and 35, use the ayaa aa 
spreadsheet at the right to 4 | x |y=2x+3/ y=2x-9| col. B-col.C 
investigate the linear system. 

y=2x+3 
y=2x—-9 
’ a SOFTWARE HELP 34. What do the results mean? 
Visit our Web site Explain how you know. 

www.mcdougallittell.com 

to see acc for 35. Use a spreadsheet or a table of 

several software values to verify your answers to 

packages. Exercises 6-8. Exs. 34 and 35 
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ODcDs 
Test é2) MMIULTI-STEP PROBLEM In Exercises 36-38, use the description shown below. 


Preparation 36. Write a linear equation for the description. 
Let x represent the number that is chosen Choose any number 
and let y represent the final result. Add 10 to the number. 


37. To find the number a person would have Mutt he 


chosen to obtain a final result of 1, solve Subtract 18 from the result. 
the linear system consisting of the equation Multiply the result by one half 
you wrote in Exercise 36 and the equation Subtract the original number 


y = 1. Explain your result. 


38. LOGICAL REASONING Write a number trick of your own that will give 
similar results. Explain why your trick works. 


* Challenge ALTERING LINEAR SYSTEMS In Exercises 39-42, perform parts (a)-(c). 
a. Find a value of n so that the linear system has infinitely many solutions. 
b. Find a value of 1 so that the linear system has no solution. 


c. Graph both results. 


39.x-—y=3 40.x-y=4 41. 6x —9y =n 42. 9x + 6y =n 
www.mcdougallittell.com 4x -—4y=n —2x+2y=n —2x + 3y =3 1.8x + 1.2y = 3 


MIXED REVIEW 


COCO OEE EEE HEHEHE EE EE EEE EEE EEE EEE EEE ESET EE EEE EEEE EEE SEES EEE EEEE EEE EE EEEEE SEE SESE EE EEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEES 


IMIATCHING GRAPHS Match the inequality with its graph. (Review 6.5 for 7.6) 
A. 2x +y 33 B. 2x +y <3 C.2x+y2=3 D.2x+ y>3 


% ROCK CLIMBING In Exercises 47 and 48, you are climbing a 500-foot 
cliff. By 1:00 PM. you have climbed 125 feet up the cliff. By 4:00 P.M. you 
have reached a height of 290 feet. (Review 4.4) 


47. What is your rate of change in height? 


48. If you continue climbing the cliff at the same rate, at what time will you 
reach the top? 


7.5 Special Types of Linear Systems 


Solving Systems of Linear 
Inequalities 


€QN) sowine tneouatities By GRAPHING 


_ What you NN a. ssccsecoucosecsesoncosscossusasovoncncascnsesoveneseceonsoovessocovonseessonsncasonenessevensocevens 


GOAL 1} Solve a/sysiem From Lesson 6.5, remember that the graph of a linear inequality in two variables 
of linear inequalities by is a half-plane. The boundary line of the half-plane is dashed if the inequality is 
graphing. < or > and solid if the inequality is = or =. 

Gap Use a system of 
linear inequalities to model 
a real-life situation such as 
earnings from two jobs in 
Exs. 38 and 39. 


Why you should learn tt 


V To model real-life 
situations, such as buying 
spotlights for a concert hall 


in Example 4. 
See 


Two or more linear inequalities form a system of linear inequalities or simply 
a system of inequalities. A solution of a system of linear inequalities is an 
ordered pair that is a solution of each inequality in the system. The graph ofa 
system of linear inequalities is the graph of all solutions of the system. 


EXAMPLE 1 } A Triangular Solution Region 


Graph the system of linear inequalities. y<2 Inequality 1 
x=2-l Inequality 2 
yoxu-2 Inequality 3 
SOLUTION 


Graph all three inequalities in the same 
coordinate plane. The graph of the system 
is the overlap, or intersection, of the three 
half-planes shown. 


wa CHECK You can see from the graph that 
the point (2, 1) is a solution of the system. 
To check this, substitute the point into 
each inequality. 


1<2 True 
2= -—| True 
1>2-2 True 


The point (0, 3) is not in the graph of the system. Notice (0, 3) is not a solution 
of Inequality 1. This point is not a solution of the system. 


When graphing a system of inequalities, it is helpful to find each corner point 
(or vertex). For instance, the graph in Example | has three corner points: 
(—1, 2), 1, —3), and (4, 2). 
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i ony HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


L Study Tip 


When you are graphing a 
system of inequalities, try 
| shading with several 
colored pencils. The 
| graph of the system is 
the region that has been 
shaded by every color. 


T EXAMPLE 2 } Solution Region Between Parallel Lines 


Write a system of inequalities that defines ee y | 
the shaded region at the right. 


SOLUTION 


The graph of one inequality is the 
half-plane below the line y = 3. 


The graph of the other inequality is the half-plane above the line y = 1. 


The shaded region of the graph is the horizontal band that lies between the two 
horizontal lines, y = 3 and y = 1, but not on the lines. 


> The system of linear inequalities at y<3 Inequality 1 
the right defines the shaded region. y>I1 Inequality 2 


T EXAMPLE 3 ] A Quadrilateral Solution Region 


Graph the system of linear x20 Inequality 1 
inequalities. Label each vertex y=0 Inequality 2 
of the solution region. Describe y=2 Inequality 3 
the shape of the region. y< 5x +3 Inequality 4 
SOLUTION 

The graph of the first inequality The graph of the second inequality 
is the half-plane on and to the is the half-plane on and above the 
right of the y-axis. X-axis. 


The graph of the third inequality The graph of the fourth inequality 
is the half-plane on and below is the half-plane on and below the 


the horizontal line y = 2. line y = —1x +3 
; 


> The region that lies in all four half- 
planes is a quadrilateral with vertices 
at (0, 2), (0, 0), (6, 0), and (2, 2). Note 
that the point (0, 3) is not a vertex of 
the solution region even though two 
boundary lines meet at that point. 


7.6 Solving Systems of Linear Inequalities 


PGOAL 2) MODELING A REAL-LIFE PROBLEM 


EXAMPLE 4 } Writing a System of Linear Inequalities 


LIGHTING You are ordering lighting for a theater so the spotlights can follow the 
performers. The lighting technician needs at least 3 medium-throw spotlights and 
at least 1 long-throw spotlight. A medium-throw spotlight costs $1000 and a long- 
throw spotlight costs $3500. The minimum order for free delivery is $10,000. 


a. Write and graph a system of linear inequalities that shows how many 
medium-throw spotlights and long-throw spotlights should be ordered to get 
the free delivery. 


b. Will an order of 4 medium-throw spotlights and 1 long-throw spotlight be 
delivered free? 


SOLUTION 
a. VERBAL Number of 
MODEL medium- = 3 
throws 
Number of 
long- >1 
throws 
Number of | Price ofa Number of | Price ofa 
medium- °*| medium- | + long- *| long- |= 10,000 
throws throw throws throw 
LABELS Number of medium-throws = x (no units) 
FOCUS ON 
CAREERS Number of long-throws = y (no units) 
Price of a medium-throw = 1000 (dollars) 
Price of a long-throw = 3500 (dollars) 
ALGEBRAIC x =3 Inequality 1 
MODEL 
y 21 Inequality 2 
1000 x + 3500 y = 10,000 Inequality 3 


L mm The graph of the system of inequalities is 
ay LIGHTING shown. Any point in the shaded region 
TECHN EN of the graph is a solution of the system. A 


use extra spotlights on each : . 
Aaa OF ere iccdo-coler fraction of a spotlight cannot be ordered, so 


changes for the whole stage. only ordered pairs of integers in the shaded 
Lighting control boards can region will correctly answer the problem. 
be programmed in advance . ; . . 

to produce complicated b. The point (4, 1) is outside the solution 
lighting sequences. region, so an order of 4 medium-throw 

=) CAREER LINK spotlights and 1 long-throw spotlight 
www.mcdougallittell.com would not be delivered free. 
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GUIDED PRACTICE 


PCS C TOSS OEE EHHEEEESHEEOEEHSEHSEHEETOEEOHE HSE HSEHOH THOS OHEHTEHSEHOETHOHOHEOTEHHEHOH THEE OHEHSEESOHEEESELOEEOSESSELELESELEEES 


Vocabulary Check J 1. Determine whether the following statement is true or false. A solution of a 
system of linear inequalities is an ordered pair that is a solution of any one 
of the inequalities in the system. Explain. 


Concept Check J 2. How is graphing a system of linear inequalities the same as graphing a 
system of linear equations? How is it different? 


3. After you graph a system of linear inequalities, how can you use algebra to 
check whether the correct region is shaded? 


Skill Check / In Exercises 4 and 5, use both the student 
graph at the right and the system of 
linear inequalities shown below. 

y>-l 
x=2 
y>ox-4 


4. Describe the errors the student made while 
graphing the system. 


5. Graph the system correctly. 


Graph the system of linear inequalities. 


_ MATCHING GRAPHS Match the system of linear inequalities with its graph. 
Extra Practice A.2x+y<4 B.2x+y=-4 C.2x+ys4 
to help you master —Ixty=<4 x—2%w<4 x+y =-4 


skills is on p. 803. 


WRITING A SYSTEM Write a system of linear inequalities that defines the 
shaded region. 


L HOMEWORK HELP 


Example 1: Exs. 9-11, 
15-26 
Example 2: Exs. 12-14 
Example 3: Exs. 15—26 
Example 4: Exs. 34-38 


7.6 Solving Systems of Linear Inequalities 


FOCUS ON 
CAREERS 


Je CHEF 
Ss Chefs prepare 


meals that appeal to both 


the taste buds and the eye. 


They often direct kitchen 
workers, estimate food 
requirements, and order 
new supplies. Some plan 
meals and develop menus. 


NED 
oP CAREER LINK 
www.mcdougallittell.com 


GRAPHING A SYSTEM Graph the system of linear inequalities. 


15. 2x + y>2 16. 2x — 2y <6 17.x —3y2 12 
6x + 3y < 12 x-y<9 x—6y= 12 
18.x«+y<4 19.x+ys6 20.3x+y <3 
xty>-—2 x21 eo 
y=0 y>0 
21.x = 0 22.x > —2 23. Sx +y <3 
x<3 x<l eee 5 
y= 5 y=4 4x t+y<2 
24.2x +y=2 25.x=2 26.x= 1 
x3 x—2y23 x—2ys3 
ee Bx +y=9 3x + 2y=9 
“2 xt+ys7 xt+y=6 
[) GRAPHING A SYSTEM Use a graphing calculator or a computer to 


= graph the system of inequalities. Give the coordinates of each vertex 
of the solution region. 


27.xt+y=1l 28. 5x — 3y = -7 29.x + 2y=0 
5x — 3y = 15 3x ty S7 5x —2y=0 
x=0 x+5y=-7 —x+ys3 


(c}=(0))//31;\> CONNECTION In Exercises 30-33, plot the points and draw line 
segments connecting the points to create the polygon. Then write a 
system of linear inequalities that defines the polygonal region. 


30. Triangle: (—2, 0), (2, 0), (0, 2) 31. Rectangle: (1, 1), (7, 1), (7, 6), (, 6) 
32. Triangle: (0, 0), (-7, 0), (-3, 5) 33. Trapezoid: (—1, 1), (1, 3), (4, 3), (6, 1) 


® Foop BUDGET In Exercises 34 and 35, use the following information. 
You are planning the menu for your restaurant. Each evening you offer two 
different meals and have at least 240 customers. For Saturday night you plan to 
offer roast beef and teriyaki chicken. You expect that fewer customers will order 
the beef than will order the chicken. The beef costs you $5 per serving and the 
chicken costs you $3 per serving. You have a budget of at most $1200 for meat 
for Saturday night. 


34. Write a system of linear inequalities that shows the various numbers of roast 
beef and teriyaki chicken meals you could make for Saturday night. 


35 Graph the system of linear inequalities. 


36. % LOCAL MAGAZINE A monthly magazine is hiring reporters to cover 
school events and local events. In each magazine, the managing editor wants 
at least 4 reporters covering local news and at least 1 reporter covering school 
news. The budget allows for not more than 9 different reporters’ articles to be 
in one magazine. Graph the region that shows the possible combinations of 
local and school events covered in a magazine. 


37. CONNECTION What is the area of the region described by the 
system of linear inequalities x = 3, y= 1,andx + y= 0? 
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Test 


Preparation 


* Challenge 


www.mcdougallittell.com 


® EARNING MONEY In Exercises 38-39, use the following information. 
Suppose you can work a total of no more than 20 hours per week at your two 
jobs. Baby-sitting pays $5 per hour, and your cashier job pays $6 per hour. You 
need to earn at least $90 per week to cover your expenses. 


38. Write a system of inequalities that shows the various numbers of hours you 
can work at each job. Graph the result. 


39. Give two possible ways you could divide your hours between the two jobs. 


EXTENSION: LINEAR PROGRAMMING In Exercises 40 and 41, use the 
following information. 

You own a bottle recycling center that receives bottles that are either sorted by 
color or unsorted. To sort and recycle all of the bottles, you can use up to 4200 
hours of human labor and up to 2400 hours of machine time. The system below 
represents the number of hours your center spends sorting and recycling bottles 
where x is the number of tons of unsorted bottles and y is the number of tons of 
sorted bottles. 


4x + y = 4200 Human labor: up to 4200 hours 
2x + y = 2400 Machine time: up to 2400 hours 
x2=0,y=0 Cannot have negative number of tons 


40. Graph the system of linear inequalities. 
41. a. Find the vertices of your graph. 


b. You will earn $30 per ton for bottles that are sorted by color and earn $10 
per ton for unsorted bottles. Let P be the maximum profit. Substitute the 
ordered pairs from part (a) into the following equation and solve. 


P= 10x + 30y 


c. Assuming that the maximum profit occurs at one of the four vertices, what 
is the maximum profit? 


42. MULTI-STEP PROBLEM Use the tree y] 
farm shown at the right. ‘ 


a. Write a system of inequalities 
that defines the region containing 
maple trees. 


b. Write a system of inequalities 
that defines the region containing 
sycamore trees. 


c. Write a system of inequalities 
that defines the region containing 
oak trees. 


d. Calculate the area of the oak tree region. Explain your method. 
43. CRITICAL THINKING Explain why the system of inequalities has no solution. 
2x-y>4 
y>2x-—2 
44. VISUAL THINKING Describe the graph of the system of inequalities. 
2x + 3y > -6 
2x + 3y=6 


7.6 Solving Systems of Linear Inequalities 


MIXED REVIEW 


COCR HHH E EEE EEE EEE EE EES 


SOOO O EE E EEE E EEE EEE EEIE EE EE EEE EEE EEEE EEE SETHE EE EE EEE EEE ESHEETS EEEEEEEEEEEEEEEEEEEEEEES 


EVALUATING NUMERICAL EXPRESSIONS Evaluate the expression. 
(Review 1.2, 1.3 for 8.1) 


45.3°3°3°3+3 46. 8° — 17 47.5°+ 12 
48. (3° — 20)? 49. 2° — 31 50.5°5+3°3°3 


EVALUATING ALGEBRAIC EXPRESSIONS In Exercises 51-56, evaluate the 
exponential expression. (Review 1.2) 


51. (x + y)? when x = Sandy = 2 52. (b — c)*? when b = 2 andc = 1 
53. g — h? when g = 4andh = 8 54. x? + z when x = 8 and z = 12 
55. m? + 1 whenm = 2 56. > + w when v = 3 and w = 5 


57. MEAN, MEDIAN, AND MODE Find the mean, the median, and the mode of 
the collection of numbers shown below. (Review 6.6) 


57, 40, 57, 57, 30, 56, 40, 30, 56 


58. % TEST QUESTIONS Your teacher is giving a test worth 250 points. There 
are 68 questions. Some questions are worth 5 points and the rest are worth 2 
points. How many of each question are on the test? (Review 7.3) 


Self-Test for Lessons 7.4-7.6 


COCO C OOOOH EEE EEE EEE EEE EEE SEE EEE EEE EEE EEEEE EEE EEE EE ESESEEEEEEEEEE EEE EEEEEEEESESES EE EEEEEEEES 


1. CONNECTION The perimeter of the rectangle 
is 22 feet. The perimeter of the triangle is 12 feet. w 
Find the dimensions of the rectangle. (Lesson 7.4) 
1 


Ty my) 
Use the graphing method to solve the linear system 
and tell how many solutions the system has. (Lesson 7.5) 
2. 5x — 2y = 0 3. 3x + 2y = 12 4. —4x + lly = 44 
5x — 2y = —-4 9x + by = 18 4x — lly = —44 
5.3x+y=9 6. 4x + 8y = 8 7. 3x + 6y = 30 
2x+y=4 xty=1 4x + 8y = 40 
Graph the system of linear inequalities. (Lesson 7.6) 
8.x — 2y < —6 9. —3x + 2y <6 10..x+y<3 
5x — 3y < —9 x—4y>-2 x=0 
2x+y<3 y21 
11. x=0 xt+y<t 13.x+y<26 
y2=1 l —x + 4y = 40 
x<3 ee a) 2x >4 
yss y=0 


14. % INVESTMENTS A total of $16,000 is invested in two individual 
retirement accounts paying 5% and 6% annual interest. The combined 
annual interest is $860. How much of the $16,000 is invested in each 
account? (Lesson 7.4) 
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WHAT did you learn? 


Solve a system of linear equations 
¢ by graphing. (7.1) 

¢ by substitution. (7.2) 

¢ by linear combinations. (7.3) 


Renee Ree eee ee REE EERE EEE EERE EEE EERE REESE EEE EEE EEE EEE E EEE EE EEEEEEEES 


Choose the best method to solve a linear 
system. (7.4) 


Identify the number of solutions of a linear 
system. (7.5) 


Use a system of linear equations to model a 
real-life situation. (7.1-7.5) 


Peer eee eee eee eee errr ere reece errr re rrr rer rr rv errr rere errr rer ricer terre rrr res) 


Use a system of linear inequalities to model a 
real-life situation. (7.6) 


Chapter Summary 


WHY did you learn it? 


Predict traffic at two Internet sites. (p. 400) 
Analyze a museum’s ticket sales. (p. 407) 
Model compositions of chemical mixtures. (p. 413) 


ERR e eee E EERE REE EERE EERE EEE EEE RHEE EEE EE REESE EERE EEE EERE REESE EEE EEE E EES 


Interpret results when modeling with linear 
systems. (p. 428) 


Find the speed of an airplane flying against the 
wind. (p. 415) 


eee re ere ere ree reer errr errr rer rrr rere errr rer rere reer errr rrr r rere ree rrr rer rrr rere r erry 


Find ways to work within a budget. (p. 436) 


How does Chapter 7 fit into the BIGGER PICTURE of algebra? 


You saw in this chapter how to choose and apply an appropriate method to solve 
systems of linear equations and systems of linear inequalities. Knowing the 
advantages and disadvantages of each method is part of becoming an efficient 


problem solver. 


Linear systems often occur as models of real-life situations. The information you 
gain from studying systems that model real-life problems will help you analyze 


situations and make decisions. 


STUDY STRATEGY 


How did you use your 
list of problem types? 


One type of problem that you 
listed in your notebook, using 
the Study Strategy on page 
396, may be this one. 


Types of Probleme 
* Motion Problems 


S = rate of boat in still water 


t = rate of current 


rate of boat upstream = ¢ — r 
rate of boat downstream = S+r 


How to solve: Use linear combina 
can quickly eliminate the variable r. 


tions because you 


Chapter Review 


VOCABULARY 


° system of linear equations, or linear system (p. 398) * system of linear inequalities (p. 432) 
* solution of a system of linear equations (p. 398) * solution of a system of linear inequalities (p. 432) 
¢ linear combination (p. 411) ¢ graph of a system of linear inequalities (p. 432) 
E I 
7.1 SOLVING LINEAR SYSTEMS BY GRAPHING pp. 398-400 


To solve a linear system by graphing, you can graph each equation 
using a table of values, the intercepts, or slope-intercept form. 


Graph and solve the system. y=xt+3 Equation 1 
Y= Su Equation 2 

The two lines seem to intersect at the point (2, 5). 

Check this solution algebraically in both equations. 


EQUATION 1: EQUATION 2: 
y=e72 y= Ste 
§2i2+3 52a 
+= =.) 


> The solution is (2, 5). 


Graph and check to solve the linear system. 


lxty=6 2.4x -—y=3 3.x + 9y =9 
x-y=12 3x t+y=4 3x + 6y = 6 
4.5x-y=-5 5. 7x + 8y = 24 6. 2x — 3y = —3 
3x + 6y = —3 x— 8y=8 x+6y=-9 
Examples on 
Ef Ye SOLVING LINEAR SYSTEMS BY SUBSTITUTION pp. 405-407 
To solve the linear system 4x —2y =0 Equation 1 
at the right by substitution, first solve one 8x — 2y = 16 Equation 2 


equation for one of its variables. 
y = 2x Revised Equation 1 
Then substitute 2x for y in Equation 2 and solve for x. 
Sx — 2(2x) = 16 Substitute 2x for y. 
x=4 Solve for x. 
y =2(4) =8 Substitute 4 for xin y = 2x. 
> The solution is (4, 8). Check the solution in the original equations. 
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Use the substitution method to solve the linear system. 


7.x+ 3y =9 8. —2x —5y=7 9. 4x — 3y = —2 
4x — 2y = -6 Ix+ty=-8 4x+y=4 
10. —x + 3y = 24 11. 4x + 9y = 2 12. 9x + 6y = 3 
5x + 8y = —-5 2x + 6y = 1 3x — Ty = —26 
E: I 
1 SOLVING LINEAR SYSTEMS BY LINEAR COMBINATIONS pp. 411-413 
[ EXAMPLE ] To solve the linear system, 2x —15y=—10 Equation 1 
get coefficients for x or y that are opposites. —4x + 5y = —30 — Equation 2 
4x — 30y= —20 Multiply Equation 1 by 2. 
—4x + _5y= —30 Write Equation 2. 
—25y = —50 Add the equations. 
y=2 Solve for y. 
Then substitute 2 for y in Equation 2 and solve for x. 
—4x + Sy = —30 Write Equation 2. 
—4x + 5(2) = —30 Substitute 2 for y. 
x= 10 Solve for x. 


> The solution is (10, 2). Check the solution in the original equations. 


Use linear combinations to solve the linear system. 


13. —4x — 5y =7 14.2x+y=0 15. 3x + Sy = —16 
x+5y=8 5x — 4y = 26 —2x + 6y = —36 
16. 9x + 6by =3 17.2 — 7x = 9y 18. 4x — 9y = 
3y + 6x = 18 2y — 4x =6 —5x+ 6y =4 
EB 1 
7.4 APPLICATIONS OF LINEAR SYSTEMS pp. 418-420 


ARERR RRR ERR EEE EEE E EEE E EEE EE HEHEHE EEE EEE EEEEE EEE EEEEEEE EEE EEE EEEEEEEE HEHEHE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEE EEE EEE EEE EE EES 


After you model a real-life problem with a linear system, you have 
a choice of three methods for solving the system. 
GRAPHING: Use to approximate a solution. 
SUBSTITUTION: Use when one variable has a coefficient of 1 or —1. 
LINEAR COMBINATIONS: Use when no variable has a coefficient of 1 or —1. 


19. “) CARNIVAL You have 50 tickets to ride the Ferris wheel and the roller 
coaster. If you ride 12 times, using 3 tickets for each Ferris wheel ride and 5 
tickets for each roller coaster ride, how many times did you go on each ride? 


20. “ RENTING MOVIES You spend $13 to rent five movies for the weekend. 
Since new releases rent for $3 and regular movies rent for $2, how many 
regular movies did you rent? How many new releases did you rent? 


Chapter 7 Chapter Review 


Examples on 


75 SPECIAL TYPES OF LINEAR SYSTEMS pp. 426-428 


A system of linear equations in two variables can have exactly one 
solution, no solution, or infinitely many solutions. 


eo 


Since the lines intersect, Since the lines are parallel, Since the lines coincide, there 
there is one solution. there is no solution. are infinitely many solutions. 


Solve the linear system and tell how many solutions the linear system has. 


1 


21.3x+y=2 22. 2x — 3y = 1 23. —6x + Sy = 18 
24. 10x + 4y = 25 25. 14x + 7y = 0 26. 21x + 28y = 14 
5x + 8y = 11 —2x +y= 13 9x + 12y =6 


Examples on 


7.6 SOLVING SYSTEMS OF LINEAR INEQUALITIES pp. 432-434 


SRR R eee eee eee Eee Eee EEE EE EEE EE HEHEHE EEE EEE EEE EE EEE EEE HEHE EEEEEEEEEEEEEEEEEEEEEHEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEHEEEEEE EEE EEE EEE EEE 


Y EXAMPLE ] The boundary line of the graph of a linear 


inequality in two variables is dashed if the inequality is 

< or > and solid if the inequality is = or =. 

The graph of the system of linear inequalities below is 

the intersection of the three half-planes shown at the right. 


x=0 Inequality 1 
SX ye Inequality 2 x 
2axty<2 Inequality 3 


The graph of the first inequality is the half-plane 
on and to the right of the line x = 0. 

The graph of the second inequality is the half-plane 
on and above the line y = 3x — 7. 


The graph of the third inequality is the half-plane 
below the line y = —2x + 2. 


Graph the system of linear inequalities. 


27.x > —5 28. 2x — 10y > 8 29. —x + 3y = 15 
ys 2 x= Sy < 12 S27 

30.x« <5 31.x+y<8 32. 7y > —49 
y>-2 x-y<0 —TIxty=-14 
x+2y>—-4 y=-4 x+y=10 
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Chapter Test 


Graph and check to solve the linear system. 


1y=2x-3 2. 6x + 2y = 16 3.4x -—y = 10 
—y=2x-1 —2x+y=-2 —2x + 4y = 16 

4.—4x+y=—-10 5. 3x + Sy = —10 6. 2x — 3y = 12 
6x + 2y = 22 —x + 2y = 18 —x—3y=-6 

Use the substitution method to solve the linear system. 

7. —4x + Ty = -2 8. 7x + 4y =5 9. —3x + 6y = 24 
—x-y=5 x —6y = —-19 —2x-y=1 

10.5x-y=7 11.x + 6y=9 12. 8x + 3y = 0 
4x + 8y = —12 —x+4y=11 —x — 9y = 92 

Use linear combinations to solve the linear system. 

13. 6x + 7y =5 14. —7x + 2y = -5 15. —3x + 3y = 12 
4x — 2y = —10 10x — 2y = 6 4x + 2y = 20 

16. 3x + 4y=9 17.8x —2+y=0 18. 5y — 3x = 1 
4y —3x=-1 9x —y = 219 4y + 2x = 80 


Solve the system using the method of your choice and tell how many 
solutions the system has. 


19. 8x + 4y = —4 20. —6x + 3y = -6 21. -x+qy= —6 
2x-y=-3 2x + 6y = 30 3x -y=—-16 

22. 3x + y= 8 23. 3x — 4y = 8 24. 6x + y = 12 

Graph the system of linear inequalities. 

25.x<4 26.1 <5 27. y>Sx+3 
y2=1 y=s6 1 iL 
ysxt2 yo es yore s 


Write a system of linear inequalities that defines the shaded region. 


31. “) WILD BIRD FoopD You buy six bags of wild bird food to fill the feeders 
in your yard. Oyster shell grit, a natural calcium source, sells for $4.00 a bag, 
and sunflower seeds sell for $4.45 a bag. If you spend $25.80, how many 
bags of each type of feed are you buying? 
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1. MULTIPLE CHOICE Which point represents the 
solution of the system of linear equations? 


y=x-2 
y=-x-4 


@ (2, 0) (-3,-1) © (1, -1) 
@® (1,-3) © O,-4) 


2. MULTIPLE CHOICE What is the solution of the 
system of linear equations? 


Sx + sy = 16 
xty=24 
@ (8, 16) (10, 14) 
40 32 41 55 
&) (2 32) > (4 33 
CE (2, 22) 


3. MULTIPLE CHOICE If x + y = 15 and 
x—-y=—19,thenxy = ?. 
@ —76 —68 
®D 15 34 


4. MULTIPLE CHOICE If —2x + 7y = —8 and 
x — 6y = 10, thenx —y= 2. 


& -34 


3 
@® -2 0 © 5 
5 
D5 Q4 
5. MULTIPLE CHOICE If 3x oF shy = 5 and 
ax - ay =—5,thenxt+y=_2. 
B® -90 = @=2 
® 10 ® 90 
444 


Chapter Standardized Test 


Cc TEST-TAKING STRATEGY Go back and check as much of your work as you can. 


6. 


10. 


11. 


MULTIPLE CHOICE If y = 5x — 2, then 
—3y= 2. 


@5x-6 BW 5x-6 & 15x +6 
@® —15x-6 C —15x +6 


. MIULTIPLE CHOICE Your teacher is giving a test 


worth 150 points. There is a total of 42 five-point 
and two-point questions. How many two-point 
questions are on the test? 


4 18 B® 20 
@D 24 © 26 


& 22 


. MIULTIPLE CHOICE How many solutions does the 


linear system have? 


4x — 2y =6 
Ix +y=15 
C) None Exactly one C& Two 


@) Infinitely many CE Cannot be determined 


. MIULTIPLE CHOICE How many solutions does the 


linear system have? 


y=2x+4 
y=2 
C) None Exactly one C& Two 


@®) Infinitely many CE Cannot be determined 


MULTIPLE CHOICE The ordered pair (3, 4) is a 
solution of _?.. 


Bxty=7 Bxr-y=l 
x+2y=11 2x-y=9 

Ox-y=l Oxty=7 
2x +y= 10 2x — 2y = 14 


CE Cannot be determined 


MULTIPLE CHOICE Which point is a solution of 
the system of linear inequalities? 


yo-x 

yx 
@ (2, 6) (6,-2) © (2,6) 
DM (-1,-6) © 6, -1) 
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12. 


13. 


14. 


15. 


16. 


MULTIPLE CHOICE Which system of inequalities is represented by the 
graph at the right? 
@Dys=4 <4 QOy<4 
yx2x+1 y = 2x ys2x 
My<4 @Qy<4 
y< 2x ys2x+1 


MULTIPLE CHOICE A ship is traveling toward a lighthouse following the 
line 4x — y = 10. Another ship is traveling toward the lighthouse following 
the line x + y = 5. What are the coordinates of the lighthouse? 


@® G, —2) (2, 3) © (-2, —3) @® (-2, 3) ® &G, 2) 
MULTIPLE CHOICE Which point lies on the graph of the system? 
3y =3 
x+2y=4 
@ (G, VD) (2, 1) © (4, 1) 
©») & 1) CE Cannot be determined 


QUANTITATIVE COMPARISON Solve the linear system. Then choose the 
statement below that is true about the solution of the system. 
2x + 6y = 13 
x—-4y=3 
CA The value of x is greater. The value of y is greater. 
©) The values of x and y are equal. 


@> The relationship cannot be determined from the given information. 


MMIULTI-STEP PROBLEM The members of the city cultural center have 
decided to put on a play once a night for a week. Their auditorium holds 

500 people. By selling tickets, the members would like to raise $3150 every 
night to cover all expenses. Let x represent the number of adult tickets sold at 
$7.50 each. Let y represent the number of student tickets sold at $4.50 each. 


a. Write a linear equation that models the $3150 income the members hope 
to raise from the sale of adult and student tickets for one night. 


b. Write a second linear equation that models the number of tickets they sell 
if all 500 seats are filled for a single night’s performance. 


c. If all 500 seats are filled for a performance, how many of each type of 
ticket must have been sold for the members to raise exactly $3150? 


d. At one performance there were three times as many adult tickets sold as 
student tickets. If there were 400 tickets sold, how much below the goal of 
$3150 did the ticket sales fall? 


e. Whiting At another performance, only adults attended. The members 
know they raised at least $3150 that night. Find the possible numbers of 
tickets that could have been sold. Explain your method. 
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CHAPTER 


APPLICATION: Bicycle Racing 
Shifting iAigeo netps 


a racer increase speed on level or 
downhill surfaces, but pedaling 
becomes more difficult. When the 
racer exerts energy the brain 
sends a message to increase 

the rate and depth of breathing. 


The relationship between breath- 
ing rate and bicycle speed can be 
represented with a type of mathe- 
matical model that you'll study in 
Chapter 8. 


Think & Discuss 


1. Construct a scatter plot of the data below. Draw 
a smooth curve through the points. 


Bicycle speed, x Breathing rate, y 
(miles per hour) (liters per minute) 


a ee a 


2. Describe the change in breathing rate after each 
increase of 5 mi/h in bike speed. Does it increase 
by the same amount? the same percent? 


Learn More About It 


You will use an exponential model that relates the 
breathing rate to bike speed in Ex. 17 on p. 480. 


eBNE? 
£ 


APPLICATION LINK Visit www.mcdougallittell.com 
for more information about bicycle racing. 
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PREPARE 
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; Study Tip 


“Student Help” boxes 
throughout the chapter 

| give you study tips and 
tell you where to look for 
extra help in this book 
and on the Internet. 


STUDY 
STRATEGY 


Chapter 8 


Annee eee eeneneenneeeeeeeeeaaeeneeseeeees 


Chapter 8 is about exponents. In Chapter 8 you’ ll learn 


* how to multiply and divide expressions with exponents 
¢ how to use scientific notation in problem solving 
* how to use exponential growth and decay models to solve real-life problems 


KEY VOCABULARY 


> Review > New ¢ growth factor, p. 477 

* power, p.9 * exponential function, p. 458 * initial amount, p. 477, 484 
* base, p. 9 * scientific notation, p. 470 * exponential decay, p. 484 
* function, p. 46 * exponential growth, p. 477 * decay factor, p. 484 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Write the expression in exponential form. (Review Example 1, p. 9) 
1. six squared 2. four cubed 3. 2y*2y*2y*2ys2y 


Find the probability of choosing a blue marble from the given bag of red 
and blue marbles. (Review Example 1, p. 114) 


4. Number of blue marbles: 20 5. Number of blue marbles: 6 
Total number of marbles: 80 Total number of marbles: 54 

6. Number of red marbles: 12 7. Number of red marbles: 25 
Total number of marbles: 48 Total number of marbles: 50 


Find the unit rate. (Review pp. 180-182) 
8. $123.75 for working 15 hours 9. $3.16 for 4 cantaloupes 
10. $6 for 12 cans of cat food 11. 270 miles for 6 gallons of gasoline 


Here’sa study §¢ 
strategy! d Planning Your Time: 


A schedule or weekly planner can be a useful tool that 


allows you to coordinate i 
u to your study time with ti 
other activities and responsibilities. mia 


* Make a plan for each day of the week. 


hot just the day before a test. 


* Study every day, 
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© ACTIVITY 8.1 Group Activity for use with Lesson 8.1 


Monde Investigating Powers 


> QUESTION How can you use addition to multiply exponential 


SETUP expressions? How can you use multiplication to raise an exponential 
Work in a small group. expression to a power? 

MATERIALS 

* paper > EXPLORING THE CONCEPT: PRODUCT OF POWERS 

° pencil 


1) Copy and complete the table. To simplify an expression, expand the product. 
Then count the factors. 


Product of E ded nroduot Number of Product as 
powers ELC [ETL factors a power 


Leer Ge5-G-) 


pe as (2+2+2+2)+(2+2+2+2) 8 ? 
(xexexex)e(Kexexexex) ? ? 
(2) Add a column to your table that shows the sum of the exponents that are in 
the first column. What pattern do you notice? 


> EXPLORING THE CONCEPT: POWER OF A POWER 


(3) Copy and complete the table. To simplify an expression, expand the product. 
Then count the factors. 


Power of Number of Product as 
a power Expanded product Expanded product fanrnee a power 


6) |6)-69-6) |on-G-9-6-9| 6 | # 


(-aFP [[-aAl-[ear 
or 


44) Add a column to your table that shows the product of the exponents that are 
in the first column. What pattern do you notice? 


> DRAWING CONCLUSIONS 
Expand the product. Then write your answer as a power. 

1. 6° + 6 2. (—2) + (-2)* 3. p* + p® Ae! 

5. (4)° Ele al made) 8. [(-n)*}° 

9. What operation do you use to simplify a product of powers? Give examples. 
10. What operation do you use to simplify a power of a power? Give examples. 


11. CRITICAL THINKING Does x? = WF = xy®? Explain your answer. 


8.1 Concept Activity 


Multiplication Properties 
of Exponents 


PGOAL 1) MULTIPLYING EXPONENTIAL EXPRESSIONS 


What. you toolilieon ___ EEC eer eee 


CGN Use properties To multiply two powers that have the same base, you add exponents. 


of exponents to multiply Here is an example. 
exponential expressions. 


5 factors 
GMD use powers to — 
: ne er ee ee oe ne ee 
model real-life problems, a“*a =a-ararara=a a 


el 


h as finding the area of 
Sue vos oUing ale ataaie 2factors 3 factors 


crop Irrigation circles in 


Example 5. To find a power of a power, you multiply exponents. Here is an example. 
Why you should learn it 3 factors 6 factors 

5 ——w —-_—————_. 
Vv To solve real-life problems (a?)3 ee er ee te ne ne. 
such as calculating the power 
generated by a windmill These two rules for exponents and the rule for raising a product to a power are 
in Ex. 77. Lg summarized below. 

fs 

we - 


3 
e. 


CONCEPT 
SUMMARY 


MULTIPLICATION PROPERTIES OF EXPONENTS 


Let aand b be numbers and let mand n be positive integers. 


PRODUCT OF POWERS PROPERTY 
To multiply powers having the same base, add the exponents. 


a” «4S Example: 32 - 3’ = 32+ 7= 39 


POWER OF A POWER PROPERTY 


To find a power of a power, multiply the exponents. 
(a™) Saree Example: (52)4 = 52°4 = 58 


POWER OF A PRODUCT PROPERTY 
To find a power of a product, find the power of each factor and multiply. 


(a: b)"=a™> b™ Example: (2 - 3)® = 26+ 3° 


EXAMPLE 1 } Using the Product of Powers Property 


a. 53-56 = 53 +6 b. xrexie yt aye t3t4 


[ a G. 343? = 3) 3° a (-2)-2) C2) 2)" 
Look Back = 9l+5 = (—2)! +4 


For help with exponential 
expressions, see page 9. => = (—2)° 


Chapter 8 Exponents and Exponential Functions 


BNE, 
ae 3 HOMEWORK HELP 


Visit our Web site 
www.mecdougallittell.com 
for extra examples. 


i Study Tip 


In parts (c) and (d) of 
Example 3, notice that 
the two expressions are 
different. In (—2w)2, the 
negative sign is part of 
the base. In —(2w)2, the 
negative sign is not part 
of the base. 


P EXAMPLE 2] Using the Power of a Power Property 


& (35)? = 35:2 b (y?)4 = y? 4 
= 310 = y 
e. [(—3)3P = (—3)3*? d.[(@@+1’P=@+1?? 
= (-3)° =(a+ 1)!° 


When you use the power of a power property, it is the quantity within the 
parentheses that is raised to the power not the individual terms. 


at+W=(at dat Vat 


Ce oe 


Correct: <— 3 factors 


Incorrect: <— 2terms 


T EXAMPLE 3 | Using the Power of a Product Property 
a. (6°5)? = 67-5? 
= 36 *25 

= 900 


Raise each factor to a power. 

Evaluate each power. 

Multiply. 

b. (4yz)? = (4+ y+z)° 
= 4 <i y? . 23 


= 64y2z3 


Identify factors. 
Raise each factor to a power. 


Simplify. 


c. (—2w)? = (-2 + w)? Identify factors. 


-_ (—2)* *w? Raise each factor to a power. 
= Ay Simplify. 

d. —(2w)* = —(2+w)? __ Identify factors. 
= —(2? * w’) Raise each factor to a power. 
= —4y? Simplify. 


GV) Using All Three Properties 
Simplify (4x?y)3 ee 


SOLUTION 
(4x2y)3 em aes (x2)3 syoege 
= paghiy eye 


= 64x13 


Power of a product 
Power of a power 


Product of powers 


8.1 Multiplication Properties of Exponents 


GND usine Powers In REAL LIFE 


SORE R EERE ERE E EERE EEE E EEE EE EEE EEE EERE EEE EE EE EEE HEHEHE EEE EEE HEHE EEE EEE HEHEHE EEE EEE EEE EE EEE HEED 


os EXAMPLE 5 } Using the Power of a Product Property 
ation 


Some farmers use center-pivot 
irrigation, which is a sprinkler system 
that revolves around a center pivot. The 
large irrigation circles help farmers to 
conserve water, maximize crop yield, 
and reduce the cost of pesticides. 


a. Find the ratio of the area of the 
larger irrigation circle to the area 
of the smaller irrigation circle. 


b. Write a general statement about 
doubling the radius of an irrigation circle. 


SOLUTION 


m(2r)? _ meer? we4er? _ 4 


ar mer? mer? 1 


a. Ratio = 


b. Doubling the radius of an irrigation circle makes the area four times as large. 


GDP Using the Product of Powers Property 


PROBABILITY CONNECTION A true-false test has two parts. There are 
2!° ways to answer the 10 questions in Part A. There are 2!> ways to answer 
the 15 questions in Part B. 


a. How many ways are there to answer all 25 questions? 


b. If you guess each answer, what is the probability you will get them all right? 


SOLUTION 
a. For each of the 2!° ways to answer the questions in Part A, there are 2!> ways 
Skills Review to answer the questions in Part B. Use the counting principle to find the total 
For help with the number of ways to answer for both parts. The number of ways to answer the 
counting principle, see 25 questions is the product of 2") and 2, 
age 788. 
is oe gh =o Use product of powers property. 


=o Add exponents. 
= 33,554,432 Use a calculator. 
> The number of ways to answer the 25 questions is 33,554,432. 


Ways to get allright _ 1 
Ways to answer 33,554,432 


b. Probability = 


> The probability of guessing and getting all answers correct is about 
0.00000003. 
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GUIDED PRACTICE 


POOP E SEES TE EEO EEEEOESE TELE SEES EEEEEESO TSE E SESH EEOEOEH EEOC ESOT EEEEETETEEESEETEEOSEEHETEEESEESELESESDEOLEEESEOLEEEES EOE 


Vocabulary Check J 1. In the expression a’, a is called the _?_ of the expression. 
Concept Check J 2. How are the expressions x’ +x? and (x7) different? Explain your answer. 
3. Can a? + b* be simplified? Explain your answer. 
Skill Check / Use the product of powers property to simplify the expression. 

4.c°cec 5. mm 6. 27+ 23 
i i ee 8. a+ +a® 9. x4°x° 

Use the power of a power property to simplify the expression. 

10. (3) 11, (—2)? 12. (24) 

13. (43) 14. (y4)5 15. (m*)® 

Use the power of a product property to simplify the expression. 

16. (2m?)? 17. (ab’)? 18. (5x) 

19. (x3y5)4 20. (x3y8)° 21. (—2x3)3 


PRACTICE anp APPLICATIONS 
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ly Extra Practice 


SIMPLIFYING EXPRESSIONS Simplify, if possible. Write your answer as 
a power or as a product of powers. 


: 1 Lag 22. 34+ 36 23, 5°25" 24. (23) 25. (74)? 
26. x+ x° 27. (3°7)* 28. (2x)* 29. (—5a)? 
30. (—2m*n°)? 31. [(—4)? 32. [(—5xy)?] 33. [(5 + x)°]® 
34, [(2x + 33)? 35. (3b)>*b 36. 5° + (5a*)? 
37. 4x +(x +33)? 38. (—3a)> + (4a)? 39. —(3x)? + (7x4)? 
40. 2x? + (3x)? 41. 3y7 + (2y)3 42. (—ab)(a’b)* 
43. (—rs)(rs?)? 44. (—2xy)3(—x?) 45. (—3cd)*(—d”) 
46. (s0°)'(30*)" 47. (6a*)'(4a° J" 4s. (21)3(-72) 
49. (—w*)(3w*)? 50. (-y3-yHy)> 1. Gx) 3-2)? 
era 52. (abc?)3(a2b)? 53. —(r2s13)?(s42)? 54. (—3xy?)3(—2x’y)? 


Example 1: Exs. 22-62 
Example 2: Exs. 22-62 
Example 3: Exs. 22-62 
Example 4: Exs. 36-62 
Example 5: Exs. 77, 78 
Example 6: Ex. 79 


EVALUATING EXPRESSIONS Simplify. Then evaluate the expression when 
a= 1and b=2. 


57. (a°)? 
61. —(ab*)? 


58. (—b)* + b* 
62. (b? - b*) - (b?)4 


56. b+ bt 
60. (a*b)* 


55. a> a> 


59. (a+ b?)? 


8.1 Multiplication Properties of Exponents 


FOCUS ON 
CAREERS 


TECHNICIANS 
use science, engineering, 
and math to solve technical 
problems in the development, 
construction, inspection, and 
maintenance of industrial 
machinery. 


ANE; 
oc) CAREER LINK 


www.mcdougallittell.com 


ay ENGINEERING 


WRITING INEQUALITIES Complete the statement using > or <. 

63. (5° 6)* 2 5+64 64. 57-3° 2 (5+3)° 65. (3°+3!7) 2 37 
66. 47-45 2 41° be PIP 68. (67+ 3) 2 6+ 33 
() EVALUATING POWERS In Exercises 69-74, simplify the expression. 


= Then use a calculator to evaluate the expression. Round the result to 
the nearest tenth when appropriate. 


69. (2.1 + 4.4)° 70. 6.5° + 6.5+ 71. 2.64 + 2.67 

72. (5.0 + 4.9)” 73. (3.77) 74. (8.47)4 

75. (=i NM> CONNECTION The volume 
of a sphere is given by V = Sar’, 


where r is the radius and 77 is 
approximately 3.14. What is the 
volume of the sphere in terms of a? 


76. (6205) CONNECTION The volume 


of a cone is given by V = in rh, 
where r is the radius of the base, h is 
the height, and 77 ~ 3.14. What is the 


volume of the cone in terms of b? 


‘7 WINDMILLS In Exercises 77 and 78, use the following information. 
The power generated by a windmill can be modeled by the equation 
w = 0.015s*, where wis the power measured in watts and s is the 
wind speed in miles per hour. 


77. Find the ratio of the power generated by a windmill when the wind speed 
is 20 miles per hour to the power generated when the wind speed is 10 miles 
per hour. 


78. Writing Write a general statement about how doubling the wind speed 
affects the amount of power generated by a windmill. 


79. CONNECTION Part A of a test has 10 true-false questions. Part B 
has 10 multiple-choice questions. Each of the multiple-choice questions has 
4 possible answers. There are 2'° ways to answer the 10 questions in Part A. 
There are 4!° ways to answer the 10 questions in Part B. 


a. How many ways are there to answer all 20 questions? 


b. If you guess the answer to each question, what is the probability that you 
will get them all right? 


id it*):/:\:j/8 in CONNECTION In Exercises 80 and 81, suppose you put one red 
marble, one green marble, and one blue marble in each of six bags. There 
are 3° possible orderings of the colors of the marbles you can get when 
you choose one marble from each bag. 


80. If you use 8 bags, there are oa possible orderings of colors. What is the 
probability that the marbles you choose will all be red? 


81. If you use 14 bags, how many different orderings of colors are there? What is 
the probability that the marbles you choose will all be red? 


Chapter 8 Exponents and Exponential Functions 


OcD9s 
Test é=) IVIULTI-STEP PROBLEM Use the results of Exercise 82 for Exercise 83. 


Preparation 82. a. Copy and complete the table of values. 


b. Sketch the graphs of y = 2x and y = 2* in the same coordinate plane. 
c. Compare the graphs. How are they the same? How are they different? 


83. CRITICAL THINKING You are offered a job that pays 2x dollars or 2” dollars 
for x hours of work. Assuming you must work at least 2 hours, which 
method of payment would you choose? Explain your reasoning. 


%& Challenge —_ 84. Locicat REASONING Fill in 
the blanks and give a reason (a’)? 
for each step to complete a ? 
convincing argument that the a 
power of a power property is true. 


85. LOGICAL REASONING Write a convincing argument to show that the power 
www.mcdougallittell.com of a product property is true. 


Z 


Bao eo 
2-2 2 


Oe eee 


MIxeD REVIEW 


POOP EHH E HOOT E EEE EEEEEEEEEEEEEEEE EEE EEEE EEE ESHEETS EE EEEEESEEEEE EEE EEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEESEEEEEEEEEEESD 


EXPONENTIAL EXPRESSIONS Evaluate the expression. (Review 1.3 for 8.2) 


86. b when b = 8 87. (5y)* when y = 2 88. 4n° when n = —2 
89. + when y = 5 90. “4 when x = 2 91. 4 when a = 2 
y. x a 
GRAPHING EQUATIONS Use a table of values to graph the equation. 
(Review 4.2) 
92.y=x+2 93. y = —(x — 4) 94. y= tx — 5 
95. y= 3x +2 96. y=2 97.x=-3 


GRAPHING INEQUALITIES Sketch the graph of the inequality. (Review 6.1) 
98.x<4 99.x > 15 100. x = —9 101.x =3 


SOLVING INEQUALITIES Solve the inequality. (Review 6.2) 
102. -x-—-2<—5 103.8 + 3x = —2 104.2<2x+7 


105. “} PRICE OF MILK In 1910, a quart of milk cost $.07. In 1994, a quart of 
milk cost $.71. After 1910, the price of milk increased steadily, never falling 
below $.07 per quart again. During the period 1910-1994, the maximum 
price of a quart was $.71. Write a compound inequality that represents the 
possible costs of a quart of milk between 1910 and 1994. (Review 6.3) 


8.1 Multiplication Properties of Exponents 


Zero and Negative 
Exponents 


QV) usine Zero anv NeGaTIVE EXPONENTS 


I carsccsereresennesvnnicersesenneeeconinnstvsetionrsednepenebostvaneneneeinanenttobontnehes 


Evaluate bowel In this lesson you will study how to use the multiplication properties of 
that have zero and negative exponents when working with negative exponents. 
exponents. 
Graph exponential ~ 
functions. © 5 UI eee eecccccrecccccccsccccsccsccccccccecccsc sce cecccesccsscecccececesccccccece 
Developing ee ‘ 
Why you should learn it crsucee Investigating Zero and Negative Exponents 
V To solve real-life problems @ Copy the table and discuss any patterns you see. Use the patterns to 
such as predicting a player's complete the table. Write non-integers as fractions in simplest form. 


average score per game in 


Example 6. 
Ses 
5 


Power, 3” 


Power, 4” 


® What appears to be the value of a° for any number a? 


© How can you evaluate an expression of the form a ”? 


DEFINITION OF ZERO AND NEGATIVE EXPONENTS 


Let a be a nonzero number and let n be a positive integer. 
* A nonzero number to the zero power is 1: a° = 1, a # 0. 


¢ a-"is the reciprocal of a”. a" = 4, a#0. 
a 


EXAMPLE 1 ] Powers with Zero and Negative Exponents 


a2 2= + = + 2-7 is the reciprocal of 27. 
2 
b. (—2)° = 1 a’ is 1. 
«50% = 1 5 * is the reciprocal of 5*. 
5 
=] 
L. a HOMEWORK HELP d. (3) =3 The reciprocal of zis 3. 
Visit our Web site 
www.mcdougallittell.com e.0°= a (Undefined) Zero has no reciprocal. 
for extra examples. 
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EXAMPLE 2 ] Simplifying Exponential Expressions 


[_ ace Rewrite with positive exponents. 
Study Tip ale") b. 2x *y 3 


Informally, you can think 


of rewriting expressions SOLUTION 
with positive exponents I 5 1 41 9) 
. =X) = = =2..—3 — = 
as “moving factors” from a. 5(2 ) = 5(1) — b. 2x ty? = 2 2 3 2.3 
the denominator to the : - oS aed 
numerator or vice versa. 
eae Evaluating Exponential Expressions 
Evaluate the expression. 
a.307+3? b. (273)? c. 374 
SOLUTION 
a3 793? =3 472 Use product of powers property. 
= 3° Add exponents. 
= ais 1. 
b. (2-3)>4 =o) Use power of a power property. 
=o Multiply exponents. 
= 64 Evaluate. 
{ : -4 3 
[_ aa c. You might want to evaluate 3°” with a calculator. 
KEYSTROKE HELP KEYSTROKES DISPLAY 
Use ¥%j or 
: x +/- 
EBM to inputthe 3 405 Gs 01234568 
exponent —4. 


Gait Simplifying Exponential Expressions 


Rewrite with positive exponents. 


—2 1 
a. (5a) b. rar 
SOLUTION 
a (a) *=5 *+a - Use power of a product property. 
=1.1 Write reciprocals of 5* and a’. 
wg 
=_! ; Multiply fractions. 
25a 
1 —3n a1 arr = 
b. rn = (d ) Use definition of negative exponents. 
= gX-39) °C) Use power of a power property. 
=a" Multiply exponents. 


8.2 Zero and Negative Exponents 


GQ crapuine ExPonentIAL FUNCTIONS 


So far we have used expressions of the form b” where b # 0 and n is an integer. 
To model some situations, we need an exponential function of the form 

y = a+ b* where x is a real number, b > 0, and b # 1. To graph the exponential 
function y = a+ b*, make a table using integer values for x and plot the 
corresponding points. To complete the graph for all real values of x, connect the 
points with a smooth curve. 


EXAMPLE 5 } Graphing an Exponential Function 


To sketch the graph of y = 2*, make a table that includes negative x-values. 


Draw a coordinate plane and plot the six 
points given by the table. Then draw a 
smooth curve through the points. 


Notice that the graph has a y-intercept 

of 1, and that it gets closer to the negative 
side of the x-axis as the x-values get 
smaller. 


In real-life applications of y = ab“, x is often the time period. 


Bi Le. EXAMPLE 6 ] Evaluating an Exponential Function 


all A professional basketball player’s first year in the NBA was 1998. Suppose it 
were estimated that from 1998 to 2010 his average points per game could be 
modeled by P = 18.5(1.038)', where t = 0 represents the year 2000. 


a. Estimate the player’s average points per game in 1998. 
b. Estimate his average points per game in the year 2000. 
SOLUTION 
a. P= 18.51.0387? —_— Substitute —2 for t. 
= 17.17 Use a calculator. 


In the year 1998 his average points per game was about 17.2 points. 
y ge p 


b. P = 18.5 + 1.038° Substitute 0 for t. 
= 18.5 a’ is 1. 


> In the year 2000 his average points per game was about 18.5 points. 
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GUIDED PRACTICE 


Vocabulary Check / 1. The function y = ab* is a(n) _?_ function. 
Concept Check J 2. ERROR ANALYSIS Describe 


the error at the right. a 
Skill Check / Evaluate the expression. 
ae 4.04 5. 0° 6. 6° 3° 
Rewrite as an expression with positive exponents. 
7m? 8.3c> 9.ab ° 10. : 
(2x)~? 


11. Does the graph at the right appear 
to be the graph of the exponential 
function y = 3*? 


12. Tell whether the following 
statement is true. 


If a is positive, then a" is positive. 


Explain your reasoning. 


Ex. 11 


13. % BASKETBALL Use the information in Example 6. If the player’s final year 
in the NBA is 2010, estimate his average points per game in his final year. 


PRACTICE ano APPLICATIONS 


EVALUATING EXPRESSIONS Evaluate the exponential expression. Write 
: fractions in simplest form. 

Extra Practice 1 =4 

to help you master 14. 4-7 15.3 4 16. (3) 17. s(;) 

skills is on p. 804. 5 4 

=) 2 Oe 1 Sl 

18. 4(4~?) 19. (7 20. — 69 21,9799 
22. 8°-0! 23. 7++7°4 24. 3°71 +8? 25. —4+(—4)"! 
26. (573)? 27. (-3°7)7! 28. 11-117! 29. 49-53 


SIMPLIFYING EXPRESSIONS Rewrite the expression with positive 


_ exponents. 
HOMEWORK HELP 30.x > 31. 3x4 32. —! 33. x 2y4 


Example 1: Exs. 14-29 yd 

Example 2: Exs. 30—45 34. x4y77 35. 8x *y © 36. l a 

Example 3: Exs. 14-29, 9x 3y7! a a 
49-52 = = 

Example 4: Exs. 30—45 38. (—9)%x 39. (—4x) e 40. (—10a)° 41. (3xy) 2 

Example 5: Exs. 53-63 gi <1 

Example 6: Exs. 64, 65 42. (6a~°)3 43, 3_ 44, 1 45. (=# 

m > (4x)~> eo ae 


8.2 Zero and Negative Exponents 


MATCHING THE GRAPH Match the equation with its graph. 


46. y = 2x 47. y= 3* 48. y=5* 


EVALUATING EXPONENTIAL EXPRESSIONS Use a calculator to evaluate 
the expression. Round your answer to the nearest hundred thousandth. 


49.2~° 50. (1.1)? 51.55°5 © 52.3 ->+0.9 


CHECKING POINTS Does the graph of the function contain the point (0, 1)? 


53. y = —3* 54. y = 4" 55.y=4-1* 56. y = 60* 
GRAPHING FUNCTIONS In Exercises 57-60, graph the exponential function. 
_(1\ s/f \ — 4-x — «x 

57.» = (4) 58. y= (2) 59.y=4 60. y =5 
61. VISUAL THINKING Sketch the graphs of y = 2* and y = ( 5) How are the 
graphs related? 


62. CRITICAL THINKING Sketch the graphs of y = 3* and y = (4)" Use these 


graphs and the ones you sketched in Exercise 61 to predict how the graphs of 
y = b*andy= @i are related. 
Te 63. COMMON POINTS What point do all graphs of the form y = a* have in 
APPLICATIONS common? Is there a point that all graphs of the form y = 2(a)* have in 
common? If so, name the point. 


64. “ SAVINGS ACCOUNT You started a savings account in 1990. The balance 
A is modeled by A = 450(1.06)’, where t = 0 represents the year 2000. What 
is the balance in the account in 1990? in 2000? in 2010? 


65. % SHIPWRECKS Suppose that from 1860 
to 1980 the number of shipwrecks in the 
Gulf of Mexico increased by about the 
same percent each year and that the number 
of shipwrecks S for each decade f can be 
modeled by S = 292(1.2)', where t = 0 
represents the decade 1920 to 1929. 


ay SHIPWRECKS In 


1996 the excavation a. Copy and complete the table below. 
of the Belle off the coast of 
Texas uncovered the hull of 
te ship, thee bronze | een | | ws | 
cannons, millions of glass Al 
beads, pottery and even the 
skeleton of a crew member. ? 


re) APPLICATION LINK 
www.mcedougallittell.com b. Graph the function and check your results. 
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SDrd 
Test é=) QUANTITATIVE COMPARISON In Exercises 66-68, evaluate each function. 
Preparation Then choose the statement below that is true about the given values of y. 


@) The value of y in column A is greater. 
The value of y in column B is greater. 
C&> The two values of y are equal. 


@) The relationship cannot be determined from the given information. 


Column A Column B 


: 


When x = 1, 


When x = 0, 


69. MULTIPLE CHOICE What is a possible 
equation of the graph? 


BD y= 2" (7-3 


* Challenge 70. Writing Suppose you did not know that for b # 0, b° = 1. Based on the 
equation b*+b° = b? *° = b*, explain why you might want to make this 
definition. 


MIxeD REVIEW 


COCO SEES EEE EEE EEE EEE EEE EEEE EEE EEE EEEEE EEE EEE EEE EEEEEESEEEEE EEE EEEE EEE SEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEESEEEESEEEEE SEES EEEES 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.3 for 8.3) 


n(2) (HP wR a (Lf 

SOLVE AND GRAPH Solve the inequality. Then sketch a graph of the 
solution on a number line. (Review 6.4) 

75. |(5+x|+4<11 76. |3x+7|-4>9 77. |x +2|-158 
78.|3-x|-6>-4 79. |9-2x|+3<4 80. |3x+2|/+9=-1 
STATISTICS Draw a box-and-whisker plot of the data. (Review 6.7) 

81. 48, 10, 48, 25, 40, 42, 44, 23, 21, 13, 50, 17 

82. 85, 61, 55, 78, 79, 86, 30, 76, 76, 87, 68, 82 


SOLVING SYSTEMS Use substitution to solve the system. (Review 7.2) 


83. 2x — y = —2 84. —3x + y=4 85. x + 4y = 300 
4x+y=5 —9x + Sy = 10 x—2y=0 

86. 2x — 3y = 10 87.x + I5y =6 88. 4x —y=5 
3x + 3y = 15 —x — 5y = 84 2x + 4y = 15 


8.2 Zero and Negative Exponents 


ACTIVITY 8.2 Graphing Calculator Activity for use with Lesson 8.2 


isieawteenmuse Graphing Exponential Functions 


You can use a graphing calculator to graph an exponential function. 


ee ee tinameanaUet 
10 vals 
0403.42, MA.0.14.1 » EXAMPLE 


Graph y = (3)" 
> SOLUTION 


ay) To enter the function in your 


_ A 
_ graphing calculator, press EZ. = : 
BNE, 
£3, KEYSTROKE Y3= 


s Enter the function as 


HELP Y4= 
ot aneeniene foe. se *Bxrop 13: 
several models of Y7= 


calculators at 
www.mcdougallittell.com 


@ Adjust the viewing window to 


get the best scale for your graph. eee 0 
Xmax=10 
Xscl=2 
Ymin=-10 
Ymax=10 
Yscl=2 


© Now you are ready to graph the 
function. Press JEEVES to see 
the graph. 


> EXERCISES =: 


Use a graphing calculator to graph the exponential function. 


1.y = 2” 2. y = 10° 3. y = —-3* 
4.y=5” 5. y = (0.27)* 6. y= -(27 


CRITICAL THINKING Use your results from Exercises 1-6 to answer the 
following questions. 


7. If a > 1, what does the graph of y = a* look like? 
8. If 0 < a < 1, what does the graph of y = a* look like? 
9. If a > 1, what does the graph of y = —(a*) look like? 
10. If 0 <a < 1, what does the graph of y = —(a") look like? 
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Division Properties 
of Exponents 


€2VO) vdiwiine with Exronents 


_ What you NIT... ssacoucresussccncosnccosnscconsvesececnsaroncnsuesecnsocesensosssenseessensosasensesstcnsaceseeeares 


Use the division In Lesson 8.1 you learned that you multiply powers with the same base by adding 
properties of exponents to exponents. To divide powers with the same base, you subtract exponents. Here is 
evaluate powers and simplify an example. 
expressions. 

Use the division Ps 
properties of exponents to 48 — 4°4-4-4e4 _ 44 =F Se 
find a probability as in 4 4°4°4 
Example 5. —— — 

3 factors 2 factors 
Why you should learn it 
Y To solve real-life problems CONCEPT 


such as comparing the top SUMMARY DIVISION PROPERTIES OF EXPONENTS 
speeds of boats in an 


Olympic rowing competition Let aand b be numbers and let m and n be integers. 


QUOTIENT OF POWERS PROPERTY 
To divide powers having the same base, subtract exponents. 


7 
—=a™"' "a#0 Example: 55 = 37 $= 3? 
POWER OF A QUOTIENT PROPERTY 


To find a power of a quotient, find the power of the numerator and the 
power of the denominator and divide. 


a ae (43 
(2) = pe Example: (2 


ar 3) 2-2 
a 6 =6 b. (5)? = (-5) 
= 6! = (5) 
eer fe d a ee 
g/ g/ y y? 
= 66=7 = 3-5 
=9! =y? 
a! = 
9 y? 


8.3 Division Properties of Exponents 


N. 
L $23, HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


Y EXAMPLE 2 } Using the Power of a Quotient Property 


Simplify the expression. 


SOLUTION 


a. (3) = 4-4 
a 32 «O@9 


Square numerator and denominator and simplify. 


Rewrite fraction. 


Power of a quotient 


Simplify. 


Power of a quotient 


Definition of negative exponents 


Simplify. 


GEV) Simplifying Expressions 


Simplify the expression. 


Definition of negative exponents 


Product of a product and power of a power 


2xy . Oxy? b 2x\4 
3x 4 "\ 42 
y y 
SOLUTION 
2x2y Oxy? _ (2x°y)(9xy*) . ; 
3 fi’ aay Multiply fractions. 
xy (3x)(y*) 
1 3.3 
= a , Product of powers 
3xy 
= xy | Quotient of powers 
_ Gxt 
y 
4 (2x) 
b (25) = ad Power of a quotient 
y (y°) 
24. x4 
~ yen 
4 
= Gy Simplify. 
y 
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CAREERS 


FOCUS ON PGOAL 2) USING POWERS AS REAL-LIFE MODELS 


PEXAMPLE 4) Using the Quotient of Powers Property 


STOCK EXCHANGE The number of shares N (in billions) listed on the New York 
Stock Exchange from 1977 through 1997 can be modeled by 


N = 92.56 « (1.112)! 


where t = 0 represents 1990. Find the ratio of shares listed in 1997 to the shares 
listed in 1977. > Source: Federal Reserve Bank of New York 


SOLUTION 
ay FLOOR TRADER Use t = —13 for 1977 and t = 7 for 1997. 


Floor traders at the 


ae at cae er Number listed in 1997 _ 92.56 + (1.112)’ 
use hand signals that date , : : 3 
back to the 1880s to relay Number listed in 1977 92.56 + (1.112) 
information about their =1.112'> 2) 
trades. : 

So) CAREER LINK = 1.112” 
www.mcdougallittell.com RA 


> The ratio of shares listed in 1997 to the shares listed in 1977 is 8.4 to 1. 
There were about 8.4 times as many listed in 1997 as in 1977. 


EXAMPLE 5 } Using the Power of a Quotient Property 


PROBABILITY CONNECTION You toss a fair coin ten times. Show that the 
probability that the coin lands heads up each time is about 0.001. 


SOLUTION 
Probability that the first toss is heads: $ 
2 
Probability that the first two tosses are heads: (3) 
- 1\? 
Probability that the first three tosses are heads: (3) 
be 5 : ; 1\° 
Probability that the first nine tosses are heads: (4 
oe j 1 10 
Probability that the first ten tosses are heads: (4) 


Use the power of a quotient property to evaluate. 


= one ere 
Look Back 2) ~ 910 ~ 1024 ~ * 


For help with probability, 1\10 
seewane dak » The probability is (3) or about 0.001. 


8.3 Division Properties of Exponents 


GUIDED PRACTICE 


4 
Vocabulary Check J 1. The expression < can be simplified by using the _?_ property. 
a 


8 
Concept Check J 2. Can x be simplified? Explain your answer. 
¥ 


Skill Check / Use the quotient of powers property to simplify the expression. 


4 6 12 5 
5 4.5 5. aT any 
5 =5)8 3465 Fé 
i 8. > a 10. +2 
a ee) he XxX 


Use the power of a quotient property to simplify the expression. 
1/5 3\3 Sy oY 
1. (4) 12. (3) 13. (5) 14. (2) 
3 4\2 3\6 6\5 
15. (3) 16. | =~ 17. (*— 18.{4 
4 23 b? 


PRACTICE ano APPLICATIONS 


SOOO OHOEE EEE E EE EE EEE EEE EEE EEE EEE EEE EEE EEEEEEEE EEE EHEE EEE EEE EE EEEEE EEE EEEH EEE EEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEES 


_ acca EVALUATING EXPRESSIONS Evaluate the expression. Write fractions in 
Extra Practice simplest form. 
to help you master 6 3 _2)6 _ay9 
skills is on p. 804. 19. = 20. x 21. ( 3) 22. ( 2 
Ss 8 =3 (—3) 
a ew Res! 3 
23. = 24 3 25. 58 26. (3) 


6\3 _ 3 9\~! 
27. (8) (2) a3) an. (2) 
SIMPLIFYING EXPRESSIONS Simplify the expression. The simplified 
expression should have no negative exponents. 


4 4 5 
31. 3) 32. = 33. (+) 343-4 
x x 
e.J yal y\? iPsoe 
35. 0° 36. | > ST. |e 38. ; 
x a y m 
(r3)4 —6x°y 4 ea : 16x7y 2xy 
39. 40. ; - arr as | 
(73 ? 2xy 3xy —4xy" =x" 
4 3.3) 5 2 8,2 =| 
43. gq, 202 2 | 
xy 2y ab ab2 
HOMEWORK HELP 
Example 1: Exs. 19-50 16x°y-8  /x3)°\4 6x 2y2_ (4xy) 7? 
Example 2: Exs. 19-48 45. = ie "\ Bxy 46. wo ° 
Example 3: Exs. 31-50 y y xy 
Example 4: Exs. 51-59 3.2 3)-2 -2.4\ -2 2 
Example 5: Exs. 60, 61 47. a ae (2xy’) 48. (2 y -( Axy 
cy AY 3x—ty 2x ly3 
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ERROR ANALYSIS In Exercises 49 and 50, find and correct the errors. 


51. (‘&) EARTH AND MOON The volume 


Not drawn to scale 


of a sphere is given by V = far’, where 


eS, 
r is the radius of the sphere. Assuming y =. ~ 


that the radius of the Moon is + the radius | 
A 


of Earth, find the ratio of the volume of 
Earth to the volume of the Moon. Let r 
represent the radius of Earth. 


52. (®) RETAIL SALES From 1994 to 1998, 
the sales for a national clothing store 
increased by about the same percent 
each year. The sales S (in millions of 
dollars) for year t can be modeled by 


t 
s= 3723(8) 
where t = 0 corresponds to 1994. Find 


the ratio of 1998 sales to 1995 sales. 4? 
Years since 1994 


(millions of dollars) 


53. % BASEBALL SALARIES The average salary for a professional baseball 
player in the United States can be approximated by y = 283(1.2)’, where 
t = O represents the year 1984. Using this approximation, find the ratio of an 
average salary in 1988 to an average salary in 1994. 


FOCUS ON 
APPLICATIONS 
% ATLANTIC COD In Exercises 54-56, use the following information. 


The average weight w (in pounds) of an Atlantic cod ¢ years old can be 
modeled by the equation w = 1.16(1.44)*. > Source: National Marine Fisheries Service, 
Northeast Science Center 


54. Find the ratio of the weight of a 5-year-old cod to the weight of a 2-year-old 
cod. Express this ratio as a power of 1.44. 


55. A 5-year-old cod weighs how many times as much as a 2-year-old cod? 


56. According to the model, what is the average weight of an Atlantic cod when 
it is hatched? How did you get your answer? 


ay ATLANTIC COD 
eit caine eles 57. “) SALES From 1995 through 1999, the sales for a national furniture store 
ich ech weigh from 10 to increased by about the same percent each year. The sales s (in millions of 

25 pounds, though some may dollars) for year t can be modeled by s = 476(1.13)', where t = 0 represents 


grow much larger. 1995. Find the ratio of 1997 sales to 1999 sales. 


8.3 Division Properties of Exponents 


ARIE oNs 58. % OLYMPIC ROWING The racing shells (boats) used in rowing competition 
usually have 1, 2, 4, or 8 rowers. Top speeds for racing shells in the 

Olympic 2000-meter races can be modeled by s = 16.3(1.0285)”, where s 

is the speed in kilometers per hour and n is the number of rowers. Use the 

model to estimate the ratio of the speed of an 8-rower shell to the speed of 

a 2-rower shell. 


59. % LEARNING SPANISH You memorized a list of 200 Spanish vocabulary 
words. Unfortunately, each week you forget one fifth of the words you knew 
the previous week. The number of words S you remember after n weeks can 
be approximated by the following equation. 


with 4 or 8 rowers 
usually have an additional 
nonrowing member of the 
team to direct the rest of the 
crew. This person is called after n weeks. 


ay" ROWING Shells 


Vocabulary words remembered: S = 200($)" 


a. Copy and complete the table showing the number of words you remember 


the coxswain. 


b. CRITICAL THINKING How many weeks does it take to forget all but 
three words? Explain your answer. 


60. CONNECTION You roll a die eight times. What is the probability 
that you will roll eight sixes in a row? 


61. CONNECTION § You roll a die six times. What is the probability 
that you will roll six even numbers in a row? 


5 
Test = MULTI-STEP PROBLEM In Exercises 62-65, use the following information. 
Prepa ration | You work for a real estate company that wants to build a new apartment complex. 
A team is formed to decide in which state to build the complex. One team 
member wants to build in Arizona. Another team member wants to build in 
Michigan. Your boss asks you to decide where to build the complex. 


62. You find that the population P of Arizona (in thousands) in 1995 projected 
through 2025 can be modeled by P = 4264(1.0208)’, where t = 0 represents 
1995. Find the ratio of the population in 2025 to the population in 2000. 

io DATA UPDATE of U.S. Bureau of the Census data at www.mcdougallittell.com 


63. You find that the population P of Michigan (in thousands) in 1995 projected 
through 2025 can be modeled by P = 9540(1.0026)', where t = 0 represents 
1995. Find the ratio of the population in 2025 to the population in 2000. 


> Source: U.S. Bureau of the Census 
64. Which population is projected to grow more rapidly? 


65. Writing Use the results from Exercises 62—64 to decide where to build the 
complex. Write a memo to your boss explaining your decision. 


* Challenge 66. % STACKING PAPER A piece of notebook paper is about 0.0032 inch thick. 
If you begin with a stack consisting of a single sheet and double the stack 25 
times, how tall will the stack be in inches? How tall will it be in feet? (Hint: 


Write and solve an exponential equation to find the height of the stack in 
www.mcdougallittell.com inches. Then use unit analysis to find the height in feet.) 
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MIxeD REVIEW 


POWERS OF TEN Evaluate the expression. (Review 1.2, 8.2 for 8.4) 


67. 10° 68. 10° 69. 10-4 70. 10-8 


SKETCHING GRAPHS Sketch the graph of the inequality in a coordinate 
plane. (Review 6.5) 


re W2.x+3<4 73.y > —2 74. y<-1.5 
75. x= 2.5 .35-y<0 (Tye F 78.3x+4y=1 


CHECKING FOR SOLUTIONS Decide whether the ordered pair is a solution 
of the system. (Review 7.1) 


79. 2x + 4y =2 80. x — 5y = 9 
—x + 5y=13 (-3, 2) 3x ++y=11 (1, —4) 

81. 8a + 4b = 6 4 82. 3c — 8d = 11 i 
4a+b=3 (7.0) c+ 6d=8 (5, -5) 


SOLVING LINEAR SYSTEMS Use linear combinations to solve the system. 
(Review 7.3) 


83.x-—y=4 
xty=12 


84. —x + 2y = 12 
x + 6y = 20 


85. 2a + 3b = 17 
3a + 4b = 24 


Self-Test for Lessons 8.1-8.3 


SCOOPS OSES HEHE EEE EE EEEEEEEEE EEE EEE EEE EEE EEEEEEEEEEEEEEEEOEEEEEEEEEEEEEEEEEEEEEHEEEEEEEEEEEESS 


Evaluate the expression. (Lessons 8.1, 8.2, and 8.3) 


1.3°+3" 2.2) 3. [(8 + 2)?P AT 
ae. gou 6 a7 33" 

5. 473+4 6. (2) 7.73 8. 
=3 —2)9 3.9-4 

9. (3) 10. | au 11. 60+ 12, 24 
4 (—2) 473 973 


Simplify the expression. Write your answer with no negative exponents. 
(Lessons 8.1, 8.2, and 8.3) 


13. x4+ x5 14. (—2x)5 15. 3, 16. 200%> 
a 
6 a5 - 
—2m*n 4 1 
17.4 13, — 19. (—<"" 20. x4+— 
x? x ( 3mn* = x 
5. : a\a {3 \a 20x3y | —6xy 
21. (3a)° * (—4a) 22. (Sm ) (3m ) . “ee = 


24. “™ SAVINGS ACCOUNT You started a savings account in 1994. The balance 
A is given by A = 250(1.08)', where t = 0 represents the year 2001. What is 
the balance in the account in 1994? in 1999? in 2001? (Lesson 8.2) 


8.3 Division Properties of Exponents 


Scientific Notation 


GVO) usine scientiric Notation 


A number is written in scientific notation if it is of the form c X 10”, where 


What. you should learn 1 Sc < 10 and nis an integer. 
PGOAL 1) Use scientific 


notation to represent Cc ACTIVITY 
numbers. Developing : : : i Nake RNa eipcaigiss | 
CIN Use scientific eNtcuee Investigating Scientific Notation 
notation to describe real-life 
situations, such as the price @ Rewrite each number in decimal form. 
per acre of the Alaska 4 6 -2 =3 
purchase in Example 6. a. 6.43 X 10 , BOW X< 10 c. 4.2 xX 10 d. 1.52 X 10 
heaiat : @ Describe a general rule for writing the decimal form of a number given 
Why» ou srroutd learn tt in scientific notation. How many places do you move the decimal point? 
V To solve real-life Do you move the decimal point left or right? 


problems, such as finding 
the amount of water 
discharged by the Amazon 


River each year in Boe sa : 
Example - les Gai Rewriting in Decimal Form 
Lee 


Rewrite in decimal form. 


a. 2.834 10? sb. 4.9 x 10° c. 7.8 X 10°! d. 1.23 x 10°° 
SOLUTION 

a. 2.834 K 107 = 283.4 Move decimal point right 2 places. 

b. 4.9 X 10° = 490,000 Move decimal point right 5 places. 

e 78x10 =0.78 Move decimal point left 1 place. 


d. 1.23 x 107° = 0.00000123 Move decimal point left 6 places. 


GLVOEED Reuriting in Scientific Notation 


a. 34,690 = 3.469 x 10+ Move decimal point left 4 places. 
b. 178 = 1.78 X 10° Move decimal point 0 places. 

c. 0.039 = 3.9 X 10-7 Move decimal point right 2 places. 
d. 0.000722 = 7.22 x 107+ Move decimal point right 4 places. 


e. 5,600,000,000 = 5.6 X 10° Move decimal point left 9 places. 
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ae To multiply, divide, or find powers of numbers in scientific notation, use the 
3 HOMEWORK HELP properties of exponents. 


Visit our Web site 
www.mecedougallittell.com 


for extra examples. EXAMPLE 3 ] Computing with Scientific Notation 


Evaluate the expression. Write the result in scientific notation. 
a. (1.4 x 104)(7.6 x 10°) 
b. (1.2 X 107!) + (4.8 x 1074) 
c. (4.0 x 1077) 
SOLUTION 
a. (1.4 x 10*)(7.6 x 10°) 
= (1.47.6) X (10*+ 103) Associative property of multiplication 
= 10.64 x 107 Simplify. 
= 1.064 x 10° Write in scientific notation. 


Igo 12 . 107! 
“48x 10* 28 107 


Rewrite as a product. 


= 025 x 10° Simplify. 
225 x 17 Write in scientific notation. 
Cc. (4.0 x 10) =a) x (10-7) Power of a product 
=64x 10° Power of a power 
=64x 10° Write in scientific notation. 


Many calculators automatically switch to scientific notation to display large or 
small numbers. Try multiplying 98,900,000 by 500. If your calculator follows 
standard conventions, it will display the product using scientific notation. 


4.945 E10 ) <— Calculator display for 4.945 x 10° 


GED Using a Calculator 


= Use a calculator to multiply 0.000000748 by 2,400,000,000. 


bce SOLUTION 
pt] ToT REP Enter 0.000000748 as 7.48 X 1077 and 2,400,000,000 as 2.4 x 10°. 


If your 
calculator does not have 
an (33 function, you can 


enter the number in scientific 7.48 G7 2.4 yj 9 1.7952 E3 


notation as a product. 
7.48 10 7 > The product is 1.7952 X 103, or 1795.2. 


KEYSTROKES DISPLAY 


8.4 Scientific Notation 


FOCUS ON 
APPLICATIONS 


PGOAL 2) SOLVING REAL-LIFE PROBLEMS 


TORRE EERE EERE EERE EERE EEE EE EEE HEHE EEE EEE EE HEHEHE HEHE EEE HEHEHE EEE EEE EEEEEEEEEE HEHEHE EEE EE EEE EEE EEE EES 


GEE Muttiplying with Scientific Notation 


AMAZON RIVER How much water does the Amazon River discharge into the 
Atlantic Ocean each year? 


SOLUTION 


First find the number of seconds in a year. Then multiply the amount of water 
discharged per second by the number of seconds per year to find the total amount 
of water discharged into the Atlantic Ocean. 


Use unit analysis to find the number of seconds in a year. 


ay AMAZON RIVER 


The Amazon River days , hours , minutes , seconds _ seconds 
in Brazil contributes more year day hour minute year 
water to Earth's oceans than 
24 60 60 
any other river. Each second, 30 ir | as ac 31,536,000 ~ 3.2 X 107 


it discharges 4.2 x 10° cubic 
feet of water into the Atlantic = There are about 3.2 X 10’ seconds ina year. 
Ocean. 


Multiply to find the total amount of water discharged by the Amazon River into 
the Atlantic Ocean in one year. 


4.2 < 10° cubic feet , 3.2 X 10’ seconds 
1 second 1 year 


= (4.2 x 109) - (3.2 x 10’) 
= 13.44 x 10% 


Total amount of water = 


= 1,344 x 104 


> One trillion is 1 X 10!7, so the total amount of water discharged into the 
Atlantic Ocean by the Amazon River is about 134 trillion cubic feet per year. 


Bi 4,  GETWITEED Dividing with Scientific Notation 
y » 


In 1867, the United States purchased Alaska from Russia for $7.2 million. The 
total area of Alaska is about 3.78 X 10° acres. What was the price per acre? 


_ ae SOLUTION The price per acre is a unit rate. 
Look Back Total price 


Price per acre = 
For help with unit rates, P Number of acres 


see p. 180. _ 7.2 X 10° <—— 72million = 7.2 x 10° 
3.78 x 108 


_ 12 2 
= 3.78 X 10 


= 0.019 


> The price was about 2¢ per acre. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Is the number 12.38 X 10? in scientific notation? Explain. 


Concept Check J 2. Given the number 6.39 X 10’, would you move the decimal point to the left 
or to the right to rewrite the number in decimal form? 


Skill Check J Rewrite in decimal form. 
3. 4.3 x 10° 4.8.11 x 10° 5.2.45X10' 6. 9.38 X 10° 
Rewrite in scientific notation. 
7. 39.6 8. 0.72 9. 1200 10. 0.0003 
11. 6,900,000 12. 0.0000205 13. 72,000,000 14. 0.000000006 


15. % ASTRONOMY The distance between the ninth planet Pluto and the Sun is 
5.9 X 10° kilometers. Light travels at a speed of about 3.0 < 10° kilometers 
per second. How long does it take light to travel from the Sun to Pluto? 


PRACTICE ano APPLICATIONS 


COCO E EEE E TEESE HEHE EEE EEE EE EEE EEE EEE EEE EEE EEE TEESE EEE EE EEEEEEEEEEESEEEEEEEEEEEEEE EEE EEE EEE EEEEEEEEEEEEEEHEEEES 


_ DECIMAL FORM Rewrite in decimal form. 
Extra Practice 16. 2.14 x 104 17. 98 X 107? 18. 7.75 X 10° 


to help you master 3 4 =§ 
skills is on p. 804. 19. 8.6521 * 10° 20. 4.65 10 21. 6.002 < 10 


22. 4.332 x 108 23. 1.00012 x 108 24. 1.1098 x 10!° 


SCIENTIFIC NOTATION Rewrite in scientific notation. 


25. 0.05 26. 95.2 27. 0.0422 28. 370.207 
29. 700,000,000 30. 19.314 31. 0.008551 32. 2,730,000,000 
33. 0.000459 34. 0.00032954 35. 88,000,000 36. 0.0000288 


EVALUATING EXPRESSIONS Evaluate the expression without using a 
calculator. Write the result in scientific notation and in decimal form. 


37. (4 x 10-7) «(3 x 10°) 38: (7 < 10°) + (8 < 10°7) 

39. (6 x 10°) «(2.5 x 107!) 40. (1.2 x 107°) «(2.3 x 104) 

a1, 8X 10 14x 107 43, &:5% 107 
5x 107° 35 107% i to" 


_ ae 44. (3.0 x 1073)? 45. (9 x 10°)? 46. (3 x 10-2)4 
HOMEWORK HELP 


™) CALCULATOR Use a calculator to evaluate the expression. Write the 
Exampled is 15-74 co It in scientific notation and in decimal form 
Example 2: Exs. 25-36 == result in scientific notation and in decimal form. 


Example 3: Exs. 37-46 47. 2,000,000 * 12,000 48. 6,000,000 « 324,000 
Example 4: Exs. 47-52 
Example 5: Exs. 61, 62 49. 0.000279 « 3,940,000,000 50. 654,000 + 0.000042 


E le 6: Exs. 58-60 
xample 6: Exs 51. (2.4 x 1074) 52. 0.000094* 


8.4 Scientific Notation 


.*) SCIENTIFIC NOTATION IN REAL LIFE In Exercises 53-57, write the 
number in scientific notation. 


53. LIGHTNING The speed of a lightning bolt is 120,000,000 feet per second. 


54. WORLD POPULATION In 1997, the population of the world was estimated at 
NE> 
5,852,000,000. es) DATA UPDATE of U.S. Bureau of the Census data at www.mcdougallittell.com 


55. ASTRONOMY The star Sirius in the constellation Canis Major is about 
50,819,000,000,000 miles from Earth. 


56. CHEMISTRY The mass of a carbon atom is 0.00000000000000000000002 
gram. 


57. SIZE OF JUPITER Jupiter, the largest planet in our solar system, has a 


radius of about 4.4 X 104 miles. Use the equation V = far to find 
Jupiter’s volume. 


IS); CONNECTION In Exercises 58-60, use the following information. 
gi’ APPLICATION LINK In 1803, the Louisiana Purchase added 8.28 X 10° square miles to the United 
( Visit our Web site States. The cost of this land was $15 million. In 1853, the Gadsden Purchase 


www.medougallittellcom added 2.94 X 10* square miles, and the cost was $10 million. 
for more information 


about the purchase of 58. Find the average cost of a 
Alaska, the Louisiana square mile for each of the 
Purchase, and the purchases. 


Gadsden Purchase in ; 
Example 6 and Exs. 58-60. 59. Find the average cost of 


an acre for each of the 
purchases. (Hint: There 
are 640 acres in a 
square mile.) 


60. Writing Describe a 
factor that you think 
might explain the 
difference in the price per 
acre for these two purchases. 


61. % WATERFALL Stanley Falls in Congo, Africa, has an average flow of 
about 1.7 X 104 cubic meters per second. How much water goes over Stanley 
Falls in a typical 30-day month? 


62. % HEARTBEATS Consider a person whose heart beats 70 times per minute 
ft HOMEWORK HELP and who lives to be 85 years old. Estimate the number of times the person's 
Visit our Web site heart beats during his or her life. Do not acknowledge leap years. Write your 
www.mcdougallittell.com answer in decimal form and in scientific notation. 


for help with Ex. 62. 
63. % TELEPHONE SURVEY 


State Local Calls Population 
Use the table which shows the 10 7 
population and the number of 
local telephone calls made in Minnesota 7.0 X 10° 
five states in 1994 to find the Pennsylvania | 1.9 X 10!° 


number of local calls made per Vermont 4.7 x 108 
person in each state. Caiman 5.6 x 10!9 


> Source: U.S. Bureau of the Census 
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SED» 
Test é2) 64. MIULTIPLE CHOICE Which number is not in scientific notation? 


Preparation @ 1 xX 10+ 34X10? & 9.02 x 107 pe 1225 <0 > 
lixio.. oe 
65. MULTIPLE CHOICE Evaluate 555105 using scientific notation. 
@ 0.2 x 1074 20%10' 20% 10 > 0.2 x 10+ 


%& Challenge 66. & BaseBaL A baseball pitcher 
can throw a ball to home plate in about 
0.5 second. The distance between 
the pitcher’s mound and home plate 
is 60.5 feet. 


a. Fill in the missing numbers and 
simplify the following expression 
to find the rate, in scientific 
notation, at which the ball is 
traveling in millimeters per second. 


Home plate 


?feet_ , 1 meter , ? millimeters 


aaa Se nee _? X 10° millimeters per second 


b. To hit a home run, a batter has a leeway of about 200 millimeters in the 
point of contact between the bat and the ball. What is the most the batter’s 
timing could be off and still hit a home run? Explain your calculations. 
(Hint: Find the time it takes the ball to travel 200 millimeters.) 


c. CRITICAL THINKING You are at bat. The pitcher throws you a pitch. Your 


timing is off by 0.006 second. Could you hit a home run on this pitch? 
www.mcdougallittell.com Explain your answer. 


MIxeD REVIEW 


OOOO REET E HEHEHE HEHEHE EEE EEE EEE EEEE EE EEE EEE EEE EEEEE EEE EE EEE EEE EEE EEE EEEEE EEE EEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEESD 


PERCENTS AS DECIMALS Write the percent as a decimal. (Skills Review 


page 784 for 8.5) 
67. 22% 68. 87.5% 69. 0.07% 70. 8.42% 
71. 5% 72. 3% 73. 255% 74, 14% 


GRAPHING LINEAR SYSTEMS Use the graphing method to solve the linear 
system and describe its solution(s). (Review 7.5) 


75. 4x + 2y = 12 76. 3x — 2y =0 
—6x + 3y =6 3x — 2y = —4 
GRAPHING Graph the system of linear inequalities. (Review 7.6) 
77.2x+y=1 78.x + 2y <3 79. 2x +y=2 
—2x+ys1 x-—3y>1 KD 
SIMPLIFYING EXPRESSIONS Simplify the expression. (Review 8.2 and 8.3) 


-3 4, 
80. 2-4 81. (i) 32, —! 93, 227 
10 (2x)~? qi 


8.4 Scientific Notation 


© ACTIVITY 8.5 Group Activity for use with Lesson 8.5 
MAoongersng Linear and Exponential Growth Models 


>» QUESTION How are linear growth models and exponential growth 


SET UP models different? 
Work in a small group. 
MATERIALS > EXPLORING THE CONCEPT 


giepaipep et 1) The equation y = 5x + 20 is a linear growth model. Copy and 


complete the table. 


ry O | 1 | 2)3)}4 4°55 
fm20}25 |} ? | 2? | 2? | ? 


© Graph y = 5x + 20. 


(3) The equation y = 5“ is an exponential growth model. Copy and 
complete the table. 


4} Graph y = 5*. 


5) Which of the graphs below shows a linear growth model? Which shows 
an exponential growth model? Explain how you know. 


> DRAWING CONCLUSIONS 


In Exercises 1-6, identify the equation as a /inear growth model or an 
exponential growth model. 


ly=xt+5 2. y = 3* eh, 3? = 110) sP 225 
4.y=15+2* By — on — 7) 6. y = 10(1.2)* 
7. Look at your data and graph in Steps 1 and 2 to complete the statement. 

A linear growth model increases the _2_ amount for each unit on the x-axis. 
8. Describe the rate of increase in an exponential growth model. 


9. CRITICAL THINKING You accept a job that pays $20,000 your first year. 
Would you rather receive a raise of $500 each year or a raise of 3% of your 
current salary each year? Does your answer depend on how long you plan to 
stay at the job? Explain your reasoning. 
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Exponential Growth Functions 


PGOAL 1) WRITING EXPONENTIAL GROWTH MODELS 


What you Should Leary NT ... ..cscecetesensesacocsetecececasossccesecsevencasaceesececscusocacoenesscececeeecarecsecsesencacerncoees 


Write and use A quantity is growing exponentially if it increases by the same percent in each 
a unit of time. This is called exponential growth. 
growth. 


GOMOD Graph models for 


exponential growth. 


Why you should learn it Cis the initial amount. — | is the time period. 


: =C(1+n' 
V To solve real-life problems y ee (1 + nr) is the growth factor, 


LEN eS inca ute BEE UiG, The percent of increase is 100r. ris the growth rate. 
a channel catfish in 


Example 2. Li. 


EXPONENTIAL GROWTH MODEL 


GEV Finding the Balance in an Account 


COMPOUND INTEREST You deposit $500 in an account that pays 8% annual 
interest compounded yearly. What is the account balance after 6 years? 


SOLUTION 
Method 1 SOLVE A SIMPLER PROBLEM 


Find the account balance A, after 1 year and multiply by the growth factor to 
find the balance for each of the following years. The growth rate is 0.08, so 
the growth factor is 1 + 0.08 = 1.08. 


A, = 500(1.08) = 540 Balance after 1 year 
A, = 500(1.08)(1.08) = 583.20 Balance after 2 years 
A3 = 500(1.08)(1.08)(1.08) = 629.856 Balance after 3 years 


Ag = 500(1.08)° ~ 793.437 Balance after 6 years 
> The account balance after 6 years will be about $793.44. 


Method 2 USE A FORMULA 


Use the exponential growth model to find the account balance A. The growth 
rate is 0.08. The initial value is 500. 


A=C(1 +r) Exponential growth model 
= 500(1 + 0.08)° Substitute 500 for C, 0.08 for r, and 6 for t. 
= 500(1.08)° Simplify. 
= 793.437 Evaluate. 


> The balance after 6 years will be about $793.44. 


8.5 Exponential Growth Functions 


Bi Lin, T EXAMPLE 2 | Writing an Exponential Growth Model 


Catti: owth A newly hatched channel catfish typically weighs about 0.3 gram. During the 
first six weeks of life, its growth is approximately exponential, increasing by 
about 10% each day. 


a. Write a model for the weight during the first six weeks. 


b. Find the weight at the end of six weeks. 


SOLUTION 


a. Let W represent the weight in grams, and let ¢ represent the time in days. The 
initial weight is C = 0.3 and the growth rate is 0.10. 


W=CcC(1+ rf Exponential growth model 
= 0.3(1 + 0.10)! Substitute 0.3 for C and 0.10 for r. 
= 03(1,1) Simplify. 
b. To find the weight at the end of 6 weeks (or 42 days), substitute 42 for t. 
W = 0.3(1.1)” Substitute. 
=~ 16.42910977 Use a calculator. 


= 16.4 Round to the nearest tenth. 


> The weight is about 16.4 grams. 


Bi Lin. GLEE) Writing an Exponential Growth Model 
= 


A population of 20 rabbits is released into a wild-life region. The population 
triples each year for 5 years. 
a. What is the percent of increase each year? 


b. What is the population after 5 years? 


SOLUTION 
a. The population triples each year, so the growth factor is 3. 
1+r=3 


> So, the growth rate r is 2 and the percent of increase each year is 200%. 


_—e b. After 5 years, the population is 
Study Tip 


Notice that the growth P=C(1 + ry Exponential growth model 
factor and the percent of = 20(1 + 2)° Substitute for C, r, and t. 
increase are not the 

same. In Example 3, the = 20+ 3° Simplify. 

growth factor is 3 but 

the percent of increase = 4860 Evaluate. 

is 200%. 


> There will be about 4860 rabbits after 5 years. 
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€Q0  crapnine EXPONENTIAL GROWTH MODELS 


TORRE EERE EEE EERE EEE EEE HEHEHE EE EEE EE EEE EEE EE EEE HEHEHE EEE HEHEHE EEE EEE HEHEHE EEEE EEE HEHEHE EES 


You can graph exponential growth models in the same way you graphed 
exponential functions in Lesson 8.2. 


By Me TTI) 4 Model with a Small Growth Factor 
a.» 


Graph the exponential growth model in Example 1. 


SOLUTION 


Use the values found in Method 1 of Example | to plot points in a coordinate 
plane. Then, draw a smooth curve through the points. 


~@ 800 

3 <i (6, 793) 

3s l 

> 600 )- — 13:630)> |... <a 9) ) ie Seiuaiewoaatt 
2 500 (2, 583) rate of 0.08 

s corresponds to a 


slow increase. 


4 
Time (years since deposit) 


T EXAMPLE 5 A Model with a Large Growth Factor 


Graph the exponential growth model in Example 3. 


SOLUTION 


Make a table of values, plot 
the points in a coordinate : potrt2{alta4|s | 
plane, and draw a smooth E | 20 | 60 | 180 1620 


curve through the points. 


| Here, the large 
growth rate of 2 
corresponds to a 
rapid increase. 


Population 


Time (years) 


8.5 Exponential Growth Functions 


GUIDED PRACTICE 


PPPS SSE EOE EEE EEEHE TEE EHEEHEEEE EES TEE ESOE OEE ESOES ETE E ESOT EEEEOSETEEESOEOEEESEHH TEE ESET EOEEESE TEE EEEEOELESEOSELEEE OEE 


Vocabulary Check J 1. In the exponential growth model, y = C(1 + r)‘, Cis the 2 and (1 + r) is 
the ? . 


Concept Check J 2. Look back at Example 1. Suppose that you got a 12% annual interest rate. 
Write a new exponential growth model for the balance in the account. 


3. Look back at Example 3. Suppose that the rabbit population doubled every 
year for 5 years. What was the percent of increase? the growth factor? 


Skill Check 7 4. ACCOUNT BALANCE You deposit $500 in an account that pays 4% interest 
compounded yearly. What is the balance after 5 years? after 10 years? 


5. CHOOSE A MODEL Which model best 
represents the growth curve shown in the 
graph at the right? 


A. y = 100(1.08)' 
B. y = 100(1.2)! 
C. y = 200(1.08)' 


PRACTICE ano APPLICATIONS 


FIND THE BALANCE You deposit $1400 in an account that pays 6% interest 


_ compounded yearly. Find the balance for the given time period. 
Extra Practice 


6. 5 years 7. 8 years 8. 12 years 9. 20 years 
to help you master 


skills is on p. 804. FIND THE BALANCE Find the balance after 5 years of an account that pays 
4.8% interest compounded yearly given the following investment amounts. 


10. $250 11. $300 12. $350 13. $400 


14. % ACCOUNT BALANCE A principal of $200 is deposited in an account that 
pays 4.2% interest compounded yearly. Find the balance after 5 years. 


15. % INVESTING How much must you deposit in an account that pays 3.5% 
interest compounded yearly to have a balance of $400 after 6 years? 


16. % INVESTING How much must you deposit in an account that pays 6% 
interest compounded yearly to have a balance of $1000 after 8 years? 


17. % BICYCLE RACING In the Chapter Opener you learned that there is a 
relationship between the breathing rate of a cyclist and the bicycle speed. 


| Bioyslespeed x | 0 | 5 | 10 | 15 | 20 


ee 


Example 1: Exs. 6-17 


Example 2: Exs. 21, 22 Let x represent the speed of the bike in miles per hour, and let y represent the 


Example 3: Ex. 24 cyclist’s breathing rate in liters of air taken into the lungs per minute. The 

Example 4: Exs. 18-20 breathing rate of a cyclist can be modeled by y = 6.37(1.11)*. What is the 

Example 5: Exs. 25-28 cyclist’s breathing rate if the bike is traveling 19 miles per hour? 25 miles 
per hour? 
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FOCUS ON 
APPLICATIONS 


5 CHICKADEES 


Black-capped 
Chickadees survive freezing 
weather by lowering their 
body temperatures at night, 
entering a state of controlled 
hypothermia. 


Ne 
ip APPLICATION LINK 
www.mcdougallittell.com 


MATCHING THE GRAPH Match the description with its graph. 
C. 


18. Deposit: $300 19. Deposit: $300 20. Deposit: $300 
Annual rate: 6% Annual rate: 12% Annual rate: 20% 


% BUSINESS In Exercises 21 and 22, write an exponential growth model. 


21. A business had a $10,000 profit in 1990. Then the profit increased by 25% 
per year for the next 10 years. 


22. A business had a $20,000 profit in 1990. Then the profit increased by 20% 
per year for the next 10 years. 


23. VISUAL THINKING Graph the exponential growth models in Exercises 21 
and 22 in the same coordinate plane. Which business would you rather 
own? Explain. 


24. ‘& POPULATION GROWTH A population of 30 mice is released in a 
wildlife region. The population doubles each year for 4 years. What is 
the population after 4 years? 


:jf0) Kec)’ CONNECTION In Exercises 25-28, use the following information. 
The average of the diameters of the two cross- 
sections shown can be related to the length of 
the adult bird. This average for a robin’s egg is 
25 millimeters (mm); for a bluebird, 19 mm; and 
for a chickadee, 13 mm. The graph shows the 
relationship between the average A of the two 
diameters and the length L (in centimeters) of an adult bird. 


Diameter 1 


Diameter 2 


25. CHOOSING A MODEL Which model 
best represents the growth curve shown 
in the graph? 


A. L = (0.09)(1.23)4 
B. L = 12 + (0.09)(1.23)4 
C. L = 12 + [(0.09)(1.23)}4 


26. Estimate the length of an adult bluebird 
from the graph. 


— 
= 
3S 

= 

= 
= 
=7 
= 
o 

J 


0 
0 5 10 15 20 25 30 A 
27. Estimate the length of an adult bluebird Average diameter (mm) 
using the exponential growth model. 
How does it compare to the length you 
found in Exercise 26? 


28. Use the exponential growth model to find the ratio of the length of a 
chickadee to the length of a robin. 


8.5 Exponential Growth Functions 


SDd 
Test Ex) 29. MULTIPLE CHOICE The hourly rate of your new job is $5.00 per hour. You 
Prep aration expect a raise of 9% each year. At the end of your first year, you receive your 
first raise. What will your hourly rate be at the end of your fifth year? 


$5.45 $7.25 & $7.69 @®> $7.76 


30. MIULTIPLE CHOICE What is the equation 
of the graph? 


AD y = 2(0.88)* y = 4(0.88)* 
© y=20.3 BD y=4(1.3)" 


%& Challenge 31. Extension: ComPoUND INTEREST What is the value of an $8000 
investment after 5 years if it earns 8% annual interest compounded 
quarterly? To solve, use the compound interest formula, A = P(1 + i)”, 
where P is the original value of the investment, i is the interest rate per 
compounding period, n is the total number of compounding periods, and 
A is the value of the investment after 1 periods. 


a. What is the interest rate per quarter? 


b. How many compounding periods (quarters) are there in 5 years? 


c. Use the formula A = P(1 + i)” to find the value of the investment after 
www.mcdougallittell.com 5 years. 


MIxeD REVIEW 


CPPCC CSET E SEES E EEE E SEES SESE ESSE ESSE EEE ESET EEEES EEE EEESIE SESE ESSE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESESEEESESEESEEEEEES 


PERCENT OF A NUMBER Find the percent of a number. (Skills Review page 786) 
32. 12% of 56 33. 75% of 235 34. 1.25% of 90 
35. 200% of 130 36. 2% of 105 37. 0.8% of 120 


EVALUATING VARIABLE EXPRESSIONS Evaluate the expression. (Review 1.3) 
Pap 
ab 
40. x©° — 1 whenx = 1.2 41. 3y* + 15y when y = —0.02 


ont 
42. (1 — x)’ when x = 0.5 andt = 3 43. ee when x = 0.09 and t = 2 


38. 24 + m> whenm = 5 39. 


when a = 3 andb=5 


44. % BREAKFAST You are in charge of bringing breakfast for your scout 
troop. You buy 6 bagels and 8 donuts for a total of $4.10. Then you decide 
to buy 3 extra of each for a total of $1.80. How much did each bagel and 
donut cost? (Review 7.4) 


SOLVING EQUATIONS Solve the equation. (Review 3.3, 3.4, 3.6) 
45. —2(7 — 5x) = 10 46. 25 — (6x + 5) = 4x —5)+4 


47. 28m — 30) = —3m 48. 1.4(6.4y — 3.5) = —9.54y + 22.85 
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> ACTIVITY 8.6 Group Activity for use with Lesson 8.6 


Monae Investigating Exponential Decay 


> QUESTION Can an exponential decay model show a decreasing 
SET UP amount? 
Work in a small group. 


MATERIALS > EXPLORING THE CONCEPT 


¢ 100 pennies 


San @ Make a table to record your results. 


Number of toss 


Number of pennies remaining 


© Place the pennies in the cup. 
Shake the pennies in the cup 
then spill them onto a flat 
surface. Remove all of the 
pennies that land face up. 
Count and record the number 
of pennies remaining. 


© Repeat Step 2 until there are no 
pennies left in the cup. 


© Make a scatter plot of 
the data you have 
collected. |__|.Number! 


of toss _ 


> DRAWING CONCLUSIONS __| Number of 


| pennies _ 
1. Describe any patterns suggested by the ___| remaining 
scatter plot. 


2. Look at your data and scatter plot to 
complete the following statement. 


Each time the cup is emptied, the 
number of pennies you remove is 
about ? of the number in the cup. 


Number of pennies remaining _ 


3. Write an exponential equation to model | | | BREESE RE DRA 


this situation. | Number of toss 


4. Compare your equations and graphs with 
those of other groups. Describe any 
patterns you see. 


8.6 Concept Activity 


Exponential Decay Functions 


G2) wanine Exronentiat Decay MopeELs 


What. you olin ___EE Ce ere ree 


Write and use In Lesson 8.5, you learned that a quantity is growing exponentially if it increases 
models for exponential decay. by the same percent in each unit of time. A quantity is decreasing exponentially 
Graph models for if it decreases by the same percent in each unit of time. This is called 
exponential decay. exponential decay. 


Why you should learn it 


WV To solve real-life prob- 
lems, such as comparing * : 
the buying power of a dollar Cis the initial amount. — = tis the time period. 
in different years as in 
Example 1. 


EXPONENTIAL DECAY MODEL 


y=cC(1—pt (1-H is the decay factor, 
Sa ris the decay rate. To assure 
1>(1-y>0, itis 
necessary that 0 < r< 1. 


The percent of decrease is 100r. 


GEV Writing an Exponential Decay Model 


PURCHASING POWER From 1982 through 1997, the purchasing power of a 
dollar decreased by about 3.5% per year. Using 1982 as the base for comparison, 
what was the purchasing power of a dollar in 1997? 

> Source: Statistical Abstract of the United States: 1998. 


SOLUTION Let y represent the purchasing power and let t = 0 represent the year 
1982. The initial amount is $1. Use an exponential decay model. 


y=C(l- ry Exponential decay model 
= (1)(1 — 0.035) Substitute 1 for C and 0.035 for r. 
= 0.965! Simplify. 


Because 1997 is 15 years after 1982, substitute 15 for t. 
y= 0.96515 Substitute 15 for ¢. 


= 0.59 Use a calculator. 


> The purchasing power of a dollar in 1997 compared to 1982 was $.59. 


WA CHECK You can check your result by using a 
graphing calculator to make a table of values. 
Enter the exponential decay model and use the 
Table feature. Notice that as the prices inflate, 
the purchasing power of a dollar deflates. 


Y¥1=. 586016305535 
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ay GED Writing an Exponential Decay Model 
D ation 


You bought a used car for $18,000. The value of the car will be less each 
year because of depreciation. The car depreciates (loses value) at the rate 
of 12% per year. 


a. Write an exponential decay model to represent this situation. 


b. Estimate the value of your car in 8 years. 


SOLUTION 
a. The initial value C is $18,000. The decay rate r is 0.12. Let y be the value and 
Skills Review let ¢ be the age of the car in years. 
For help with writing a y=C( -r) Exponential decay model 
percent as a decimal, see 
page 784. = 18,000(1 — 0.12)’ Substitute 18,000 for C and 0.12 for r. 
= 18,000(0.88)' Simplify. 


»> The exponential decay model is y = 18,000(0.88)’. 


b. To find the value in 8 years, substitute 8 for ¢. 


y = 18,000(0.88) Exponential decay model 
= 18,000(0.88)8 Substitute 8 for t. 
= 6473 Use a calculator. 


> According to this model, the value of your car in 8 years will be 
about $6473. 


GEV Making a List to Verity a Model 


Verify the model you found in Example 2. Find the value of the car for each 
year by multiplying the value in the previous year by the decay factor. 


SOLUTION The decay rate is 0.12. Decay factor = 1 — 0.12 = 0.88. 


Year Value 


0 18,000 <— Initial value of the car 
1 0.88(18,000) = 15,840 


2 0.88(15,840) ~ 13,939 


0.88(13,939) ~ 12,266 


0.88(12,266) ~ 10,794 


0.88(10,794) ~ 9499 


0.88(9499) = 8359 From the list you can see that the 
0.88(8359) ~ 7356 value of the car in 8 years will be 

about $6473, which is consistent 
0.88(7356) ~ 6473 with your model. 


8.6 Exponential Decay Functions 


PGOAL 2) GRAPHING EXPONENTIAL DECAY MODELS 


PEXAMPLE 4 ) Graphing an Exponential Decay Model 


Graph the exponential decay model in Example 1. 


ly 
ay 
Purcha lower 


SOLUTION 


Use your graphing calculator to graph the model. Set the viewing rectangle so 
thatO =x S 20and0Sy<1. 


iy GVHD Graphing an Exponential Decay Model 
D ation 


a. Graph the exponential decay model in Example 2. 


b. Use the graph to estimate the value of your car in 10 years. 


SOLUTION 


a. Use the table of values in Example 3. Plot the points in a coordinate plane, 
and draw a smooth curve through the points. 


= 
20,000}. 
~~ [(0, 18,000) 


i——— 16,000: 
y= 18,000(0.88)' 


12,000 


_ Value (dollars) 


| Years from now 


b. From the graph, the value of your car in 10 years will be about $5000. 


An exponential model y = a+ b’ represents exponential growth if b > 1 and 
exponential decay if0 <b< 1. 
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T EXAMPLE 6 | Comparing Growth and Decay Models 


Classify each model as exponential growth or exponential decay. In each case 
identify the growth or decay factor and the percent of increase or percent of 
decrease per time period. Then graph each model. 


t 3} 
a. y = 30(1.2) b. y= 30(2) 


SOLUTION 
a. Because 1.2 > 1, the model y = 30(1.2)! is an 
exponential growth model. 
The growth factor (1 + r) is 1.20. 


The growth rate is 0.2, so the percent of 
increase is 20%. 


5 5 
is an exponential decay model. 


t 
b. Because 0 < 2 < 1, the model y = 30(2) 


The decay factor (1 — r) = 2 


The decay rate is Zor 0.4, so the 


percent of decrease is 40%. 


EXPONENTIAL GROWTH AND DECAY MODELS 


EXPONENTIAL GROWTH MODEL EXPONENTIAL DECAY MODEL 


y=C(1+ 7! ~time period y=C(1— rn! — time period 
/ 

initial * He initial Sasenr 

amount factor amount factor 
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GUIDED PRACTICE 


Vocabulary Check J 1. In the exponential decay model, y = C(1 — r)‘, what is the decay factor? 
Concept Check J 2. Is y = 1.02’ an exponential decay model? Explain. 


3. Look back at Example 2. Suppose that the car was depreciating at the rate 
of 20% per year. Write a new exponential decay model. 


Skill Check J ®% CAR VALUE You buy a used car for $7000. The car depreciates at the 
rate of 6% per year. Find the value of the car in the given years. 


4. 2 years 5. 5 years 6. 8 years 7. 10 years 


8. % BUSINESS DECLINE A business earned $85,000 in 1990. Then its 
earnings decreased by 2% each year for 10 years. Write an exponential 
decay model for the earnings E in year ft. Let t = 0 represent 1990. 


9. CHOOSE A MODEL Which model best 
represents the decay curve shown in the 
graph at the right? 


A. y = 60(0.80)' 
B. y = 60(1.20)! 
C. y = 60(0.40)' 


PRACTICE ano APPLICATIONS 


COPPER OEE E EEE EEE EEE EEE E EEE EEE O EEE EEE EEEEEEEEEEEEEEEEEEEHEEEEEE EEE EEE EEE EEE EEE EE EEEE EEE EEEEEESEEEEEEEEEEEEEEEEETESEEOEEES 


® TRUCK VALUE You buy a used truck for $20,000. It depreciates at the 
Extra Practice rate of 15% per year. Find the value of the truck in the given years. 
to help you master 10. 3 years 11. 8 years 12. 10 years 13. 12 years 


skills is on p. 804. 
MATCHING THE GRAPH Match the equation with its graph. 


ee 14. y=4- 3 15. y = 4(1.6)! 16. y = 4(0.6)! 
HOMEWORK HELP 


Examples 1, 2: Exs. RECOGNIZING IVIODELS Classify the model as exponential growth or 


10-13, 23-29 exponential decay. Identify the growth or decay factor and the percent of 
Example 3: Exs. 30-33 increase or decrease per time period. 
Examples 4, 5: Exs. 5\t 
14-16, 30, 33 17. y = 24(1.18)' 18. y = 14(0.98)' 19. y= 35(3) 
Example 6: Exs. 14-22 >\t 
20. y = 112(0.4)! 21.y= 9(2) 22. y = 97(1.01)! 
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FOCUS ON 
CAREERS 


li Je PHARMACISTS 
Ss Pharmacists must 
understand the use, 
composition, and effects 
of drugs. 


INE, 
if CAREER LINK 
www.mcdougallittell.com 


EGET CONNECTION In Exercises 23-25, use the following information. 

The concentration of aspirin in a person’s bloodstream can be modeled by the 
equation y = A(0.8)', where y represents the concentration of aspirin in a person’s 
bloodstream in milligrams (mg), A represents the amount of aspirin taken, and t 
represents the number of hours since the medication was taken. Find the amount 
of aspirin remaining in a person’s bloodstream at the given dosage. 


23. Dosage: 250 mg 24. Dosage: 500 mg 25. Dosage: 750 mg 
Time: after 2 hours Time: after 3.5 hours Time: after 5 hours 


26. &S BUYING A TRUCK You buy a used truck in 1996 for $10,500. Each 
year the truck depreciates by 10%. Write an exponential decay model to 
represent this situation. Then estimate the value of the truck in 10 years. 


% BASKETBALL In Exercises 27-29, use the following information. 
Each year in the month of March, the NCAA basketball tournament is held to 
determine the national champion. At the start of the tournament there are 64 
teams, and after each round, one half of the remaining teams are eliminated. 


27. Write an exponential decay model showing the number of teams N left in the 
tournament after round t. 


28. How many teams remain after 3 rounds? after 4 rounds? 


29. CRITICAL THINKING If a team won 6 games in a row in the tournament, 
does it mean that it won the national championship? Explain your reasoning. 


30. % SUMMER CAMP A summer youth camp had a declining enrollment 
from 1995 to 2000. The enrollment in 1995 was 320 people. Each year for 
the next five years, the enrollment decreased by 2%. Copy and complete the 
table showing the enrollment for each year. Sketch a graph of the results. 


[rorotmenr] 2? | 2 | 2 |? |r? | 


® CABLE CARs In Exercises 31-33, use the following information. From 
1894 to 1903 the number of miles of cable car track decreased by about 
10% per year. There were 302 miles of track in 1894. 


31. Write an exponential decay model showing the number of miles M of cable 
car track left in year f. 


32. Copy and complete the table. You may want to use a calculator. 


Year 1894 | 1896 | 1898 | 1899 | 1900 | 1901 | 1903 


33. Sketch a graph of the results. 


34. CRITICAL THINKING A store is having a sale on sweaters. On the first day 
the price of a sweater is reduced by 20%. The price will be reduced another 
20% each day until the sweater is sold. Denise thinks that on the fifth day of 
the sale the sweater will be free. Is she right? Explain. 
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SED? 
Test 65) 35. MULTIPLE CHOICE In 1995, you purchase a parcel of land for $8000. The 


Preparation value of the land depreciates by 4% every year. What will the approximate 
value of the land be in 2002? 
@ $5760 $5771 & $6012 @®> $6262 


36. MULTIPLE CHOICE Which model best 
represents the decay curve shown in the 
graph at the right? 


@ y = 20(1.16)' 

y = 50(0.75) 

& y = 20(0.75) 

@® y = 50 + 20(1.16)! 
* Challenge = UNDERSTANDING GraPHS In Exercises 37-39, use a graphing 


ss 


== calculator. 


t 
37. Make an input-output table for the equations y = 4 and y = @ . Use =3, 
—2, —1,0, 1, 2, and 3 as the input. Then sketch the graph of each equation. 
38. VISUAL THINKING Interpret the graphs. How are they related? 


39. VISUAL THINKING The graph at 
the right is y = 2.26’. Based on the 
relationships between the graphs 
in Exercise 37, predict the graph of 


fly 
»= (235): 
www.mcdougallittell.com 


MIxeD REVIEW 


VARIABLE EXPRESSIONS Evaluate the expression. (Review 1.3 for 9.1) 
40. 4a” + 11 whena = 5 

41. c? + 6cd when c = 2andd= 1 

42. b* — 4ac when a = 1, b = 3, andc = 5 


La 
2c? 


43. + 9 whena = —3,b =5,andc = —2 


SOLVING EQUATIONS Solve the equation. Round the result to the nearest 
tenth if necessary. (Review 3.6) 

44. 12m —9=5m—2 45. 5(2x + 2.3) — 11.2 = 6x —5 

46. —1.3y +3.7=4.2 —5.4y 47. 2.5(3.5p + 6.4) = 18.2p — 6.5 


48. “) TELEVISION A TV station’s local news program has 50,000 viewers. The 
managers of the station plan to increase the number of viewers by 2% per 
month. Write an exponential growth model to represent the number of 
viewers in t months. (Review 8.5) 


Chapter 8 Exponents and Exponential Functions 


Quiz 2 Self-Test for Lessons 8.4-8.6 


COOTER EEO EEE EE EEE OEE HEHEHE EEE TEESE EE EEEE EEE SETHE EE EEE EEE EEEEE EEE EEE EE EE ESET EEE EEEE EEE EEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEE 


SCIENTIFIC NOTATION Rewrite in scientific notation. (Lesson 8.4) 
1. 0.011205 2. 140,000,000 3. 0.000000067 4. 30,720,000,000 


DECIMAL FORM Rewrite in decimal form. (Lesson 8.4) 
5. 4.82 x 10° 6.5 X 10° 7. 7.04 x 10~° 8. 1.112 x 1072 


9. % INVESTMENT In 1995, you bought a baseball card for $50 that you 
expect to increase in value 5% each year for the next 10 years. Write an 


exponential growth model and estimate the value of the baseball card in 
2002. (Lesson 8.5) 


10. & BUYING A CAMPER You buy a used camper in 1995 for $20,000. Each 
year the camper depreciates by 15%. Write an exponential decay model to 
represent this situation. Then estimate the value of the camper in 5 years. 
(Lesson 8.6) 


aTH & 
History 4 


THEN THE EARLIEST MICROSCOPES consisted of a single, strongly curved 


lens mounted on a metal plate. These simple microscopes used 
visible light to illuminate the object being viewed and could 
magnify objects as much as 400 times. 


io APPLICATION LINK 
www.mcdougallittell.com 


History of Microscopes 


| NOW TODAY, scientists use microscopes that use electrons instead of light. 
The transmission electron microscope (or TEM) can resolve two 
objects as close together as 0.0000005 millimeter (mm) with 
magnifications up to 1,000,000 times. At this magnification, a sneaker 
would be long enough to reach from Boston to New York City. 


1. Write 0.0000005 mm in scientific notation. 


2. The distance from Boston to New York City is 1,003,200 feet. Write this number in 
scientific notation. 


3. How many times stronger is the magnification of the TEM compared to the earliest 
microscopes? Write your answer in scientific notation. 


Max Knoll and Ernst Ruska of Germany 
Anton van developed the first TEM. ---- : 
Leeuwenhoek was the : 
first to see 


red blood cells. 


This TEM image shows a white blood cell ata 
magnification of 9600 times. The image has been 
colored to show the different parts of the cell. 
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ACTIVITY 8.6 


Using Technology 


N, 
B S°55) KEYSTROKE 
ie] HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 8.6 


Fitting Exponential Models 


In Chapter 5, you learned that you can use a graphing calculator to find a best- 
fitting line. A graphing calculator can also be used to find a best-fitting 
exponential growth or decay model. 


> EXAMPLE 


A rubber ball is dropped from a height of 0.82 
meter. Using a CBL unit, the height of the ball 
on each successive bounce was recorded. The 
x-values represent the bounce and the y-values 
represent the height. Use a graphing calculator 
to find an exponential model for these data. 


mm o/1]{2]3{]4 [5] 64 7 
Ma 0.82 | 0.64 | 0.50 | 0.39| 0.30] 0.24] 0.18 | 0.14] 0.11| 0.08 | 
> SOLUTION 
@ Enter the ordered pairs into the 2) Use exponential regression to find 
graphing calculator. Select L, an exponential model. The equation 
as the x list and L, as the y list. y = 0.8335(0.7744)" is the best-fitting 


exponential model. 


ExpReg 
y=a*xb*x 
a=.8335285282 
b=.7744237345 
r=-.999651131 


(3) Set the viewing rectangle so that 4) Graph the equation 
0=x=2and0=y=1. y = 0.8335(0.7744)". 


WINDOW 
Xmin=0 
Xmax=20 
Xscl=1 


Ymin=0 
Ymax=1 
vesiG l=", 1 


> EXERCISES 


Use a graphing calculator to find the best-fitting exponential growth model 
for the points. 


1.,(05 1), 1-4)7 (2; 3),\(3,5), (4; 8)345; 12); (6,20), (7,30), (8, 50), (9, 80) 
2. (0,,0:5), (2,08), G; 1); 4, 1.4), G, 1.8), (6, 2.7), (75 3:6),(8,4.9), ©; 7) 
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WHAT did you learn? 


Evaluate exponential expressions 


* using multiplication properties of exponents. 
(8.1) 


° that have negative and zero exponents. (8.2) 


* using division properties of exponents. (8.3) 


CORRE EERE eRe EERE EEE EEE EEE RHEE EEE EEE EE HEHEHE EEE EE HEHEHE HEHEHE EEE EEE EE EES 


Convert numbers from scientific notation to 
decimal form. (8.4) 


Convert numbers from decimal form to scientific 
notation. (8.4) 


Perform operations with numbers in scientific 
notation. (8.4) 


rere ere eee eee eee r eee reer errr rere errr rer rarer rere r terre reer rset errr rer terre rere) 


Sketch the graphs of exponential growth and 
decay models. (8.5 and 8.6) 


=O 


Chapter Summary 


WHY did you learn it? 


Find the power generated by a windmill. (p. 454) 


Predict a basketball player’s average score per 
game. (p. 458) 

Estimate the speed of an Olympic rowing team. 
(p. 468) 


SORE Ree ERE REE E EEE RHEE EEE ETOH EEE EEE EE EEE EE EEE EEE EEE HEHE EEE EEE EEE EE EEE EE EES 


Find the amount of water discharged by the 
Amazon River each year. (p. 472) 


(p. 472) 


Find how long it takes light to travel from the Sun 
to Pluto. (p. 473) 


Estimate the number of heartbeats in a person’s 
life. (p. 474) 


ere ee ee ee eee eee errr rer Pere reer rere reece errr rer rere terre rer re rrr rer rer rrr errr rrr) 


Find the balance on a savings account. (p. 480) 


How does Chapter 8 fit into the BIGGER PICTURE of algebra? 


In Chapters 3-7, you learned how to solve linear equations such as 

4(x — 3y) = 24. In this chapter you learned how to use the properties of 
exponents and scientific notation to solve exponential functions such as 

y = 42(1.2)*. You will need to know how to use the properties of exponents 
when you solve quadratic equations in Chapter 9 and polynomial equations 


in Chapter 10. 


STUDY STRATEGY : FEBRUARY 


How did you use your 


Math homework — P. 453, #23-61 odd 


schedule? ¢ Swimming practice 3-4 py, 


A schedule that you made using 
the Study Strategy on p. 448 
may resemble this one. 


* exponential function, p. 458 ¢ growth factor, p. 477 
* scientific notation, p. 470 * initial amount, pp. 477, 484 * growth rate, p. 477 
* exponential growth, p. 477 * time period, pp. 474, 484 * exponential decay, p. 484 


a Ci MULTIPLICATION PROPERTIES OF EXPONENTS 


* percent of increase, p. 477 ¢ decay factor, p. 484 
* decay rate, p. 484 
* percent of decrease, p. 484 


Examples on 
pp. 450-452 


GELVATSD Use the multiplication properties of exponents. 
a. 4°47 =4?*7=4? 
b. (5’)? = 5°" = 58 


c. (6°x) = 6? +x? Power of a product property 


Product of powers property 


Power of a power property 


Simplify the expression. 


12+" 2. (43) 3. (3a)? + (2a)* 4. (w>x4y)? + (wx2y3)4 


Simplify. Then evaluate the expression when s = 2 and t = 3. 


5. se st 6. st+(—1)3 7. (s+ 1)? 8. —(st?) 


a2 ZERO AND NEGATIVE EXPONENTS 


Examples on 
pp. 456-458 


FRR R ERE REE EERE E EEE EEE EEE EEE EEE EEE E EEE HEHEHE EEE EEEEEEEEEE EEE HEHE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE EE EEE 


D2 29 Use zero and negative exponents. 
ao = 


A nonzero number to the zero power is 1. 


b. 1(x-3) = (+) = ae a” "is the reciprocal of a”. 
x 


Evaluate the expression. Write fractions in simplest form. 


9.5°3 10. 7-4-7 11. 16(5) 12. 20+ (=) 
Rewrite the expression with positive exponents. 
_ 1 - 
13:29 ° 14. —— 15. (a*b)° 16. (—2y)~* 
Sp-q 


Sketch the graph of the exponential function. 
1 


7.y =4 18. y = (4) 19. y=377 20. y = (2 : 
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Examples on 
_ re DIVISION PROPERTIES OF EXPONENTS PP. 463-465 


"| 2299 Using the division properties of exponents. 


4 

a. Zi =6°- 7= 67 a6 Quotient of powers property 
3 3 

b. (3) a = = 4 Power of a quotient property 


Evaluate the expression. Write fractions in simplest form. 


ci Ss (-4)’ (2)" 

21. 22. 2 23. 9 24. 7 
Simplify the expression. The simplified expression should have no negative 
exponents. 

6 12 7\2 2)3 
25. (3) 26. 27. = 28. val 

x m (p°)° 
_ 9,272 \3 4,5 \3 4p-2 2p7 —3\6 2,,)—2 

99, ( =9a°b 30, { 25% 31, 20h , 30°" gg Ox TY, (3x*y) 

3ab —5a°b 2a3p? —2a xy xy? 


33. “) SALES From 1994 through 1999, the sales for a national book store 
increased by about the same percent each year. The sales s (in millions of 
dollars) for year t can be modeled by s = 1686(1.17)’ where t = 0 represents 
1994. Find the ratio of 1994 sales to 1999 sales. 


E. I 
a SCIENTIFIC NOTATION pp. 470-472 


ARR RRR R eee Renee eee eee EOE EEE EEE EEE EEE HESS EEE EE EEE EEEEE HEHEHE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


@ETVTED Rewriting numbers in decimal form and scientific notation. 


a. 1,247 * 107 = 1247 Move decimal point right 2 places. 
b. 1.045 x 1077 = 0.001045 Move decimal point left 3 places. 
c. 79,500 = 7.95 x 104 Move decimal point left 4 places. 
di:0,0588 = 5.88 K Mn Move decimal point right 2 places. 


Rewrite the number in decimal form. 


34. 6.667 X 10-3 35. 7.68 X 10° 36. 3.75 x 10! 37.2 x 10-4 
Rewrite the number in scientific notation. 


38. 523,000,000 39. 0.000679 40. 0.0000000233 

41. % SPACE TRAVEL Astronaut Shannon W. Lucid holds the United States 
single-mission, space-flight endurance record. Upon completion of her 1996 
mission aboard the Russian Space Station Mir, Dr. Lucid had traveled 
75,200,000 miles. Write 75,200,000 miles in scientific notation. 

42. “} ASTRONOMY The distance from Earth to the star Alpha Centauri is about 
4.07 X 10!3 kilometers (km). Light travels at a speed of about 3.0 X 10° km 
per second. How long does it take light to travel from this star to Earth? 


Chapter Review 


Examples on 
BS Ct EXPONENTIAL GROWTH FUNCTIONS pp. 477-479 


You deposited $1200 in a savings account that pays 9% annual interest compounded 
yearly. What is the balance after 8 years? 


y= cil ah r) Exponential growth model 
= 1200(1 + 0.09)' Substitute 1200 for C and 0.09 for r. 
= 1200(1.09)! Simplify. 
After 8 years, the balance would be 
y = 1200(1.09)8 Substitute 8 for t. 
~ 2391.08 Use a calculator. 


After 8 years, the balance would be $2391.08. 


®% FITNESS PROGRAM In Exercises 43 and 44, use the following 
information. You start a walking program. The first week you walk 2 miles. 
Over the next 9 weeks, you increase your distance 5% per week. 


43. Write an exponential growth model to represent the number of miles w you 
are walking after x weeks. 


44. How far are you walking in the tenth week? 


Examples on 
86 EXPONENTIAL DECAY FUNCTIONS pp. 484-487 


TORR e RRR RE RRR EEE EERE EEE EEE SEES EEE EE SESE EEE HEHE SEEDER DEERE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEE EEE EEEEE EEE EEEEE EERE EEE ERE 


In 1995 you bought a 32-inch television for $600. The television is depreciating at 


the rate of 8% per year. Write an exponential decay model and estimate the value of 
the television in 6 years. 


y=C(1 - ry Exponential decay model 
= 600(1 — 0.08)! Substitute 600 for C and 0.08 for r. 
= 600(0.92)! Simplify. 
After 6 years, the balance would be 
y= 600(0.92)° Substitute 6 for t. 
= 363.81 Use a calculator. 


After 6 years, the television would be worth $363.81. 


§ TENNIS CLUB In Exercises 45 and 46, use the following information. A 
tennis club had a declining enrollment from 1993 to 2000. The enrollment in 
1993 was 125 people. Each year for 7 years, the enrollment decreased by 3%. 


45. Write an exponential decay model to represent enrollment e after x weeks. 


46. Estimate the enrollment in 2000. 
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Chapter Test 


In Exercises 1-12, simplify the expression. The simplified expression should 
have no negative exponents. 


1.x° + x4 2. a°+a‘* 3. b°*+b> a. Sy" 
3 
5. (x°)’ 6. (a?) z 8. (2b)3(b~*) 
n> 
3 -1p2 273 
9. (mn)* + n4 10. 3a°*5a **a° 11. vt) (2)’ 12.4 2 7 ae 
xy = b 
In Exercises 13-20, evaluate the expression. 
=9 
13. 54657! 14.4°3 15. (4252)° 16. (3) 
235 3 
17. ee 18. (3) + 42.30 19. (5+4)3 «572 20. [(—2)5? 
In Exercises 21-24, write the number in decimal form. 
21. 4.27+ 10° 22. 6.283 + 10°” 23. 4.56 x 10!° 24.5 x 10/2 
In Exercises 25-28, write the number in scientific notation. 
25. 9,875,000 26. 0.00125 27. 6,557,000,000 28. 0.00000003 17 


In Exercises 29-31, sketch a graph of the equation. 


29. y = 2* 30. y = (Gy 31. y = 10(1.4)* 

32. CONNECTION The volume of a cube is given by V = s°, where s is 
the length of a side. The cube has a side of length 3a. What is the volume of 
the cube if a = 2? 


33. “) SAVINGS ACCOUNT You started a savings account in 1996. The 
balance A is given by A = 400(1.1)', where ¢ = 0 represents the year 1996. 
What is the balance in 2000? in 2003? 


34. % SALES In 1996, you started your own business. In the first year, your 
sales totaled $88,500. Then each year for the next 4 years, your sales 
increased by 20%. Write an exponential growth model to represent this 
situation. Then estimate your sales in 2001. 


35. “} RADIOISOTOPES The amount of time it takes for a radioactive substance 
to reduce to half of its original amount is called its half-life. The half-life of 
carbon 11 (!!C) is 20 minutes. If you start with 16 grams of !!C, the number 
of grams remaining after h half-life periods would be W = 16(0.5)". Copy 
and complete the table and use the results to sketch the graph. 


Half-life periods, h fo{/1}2{3] 4) 


Grams remaining, W 


Chapter Test 


your work. 


1. MULTIPLE CHOICE Simplify 7* + 7’. Write the 
answer as a power. 


QT ™ 
@® 49" ® 49 


2. MULTIPLE CHOICE Evaluate [(a + 1)?|?+ a? 
when a = 2. 


7 


@®N 128 & 136 
CB) 200 E> 648 
3. MULTIPLE CHOICE Evaluate (5~?)?. 
= a 
eo 15,625 
1 I 
© 3195 ® 15,625 
E> 15,625 


4. MULTIPLE CHOICE Evaluate —8° - 2* - 10” when 
x= —2andy = —3. 


® ~700 500. 
1 1 
© 500 ® 7000 
CED 4000 
5. M CHOICE Simplif: ax’y” , By" 
. ULTIPLE oIc iImplity dxy dy : 
@® 2x’y? 4x°y 
©& 2xy’ @® 2x’y* 
® 2xy° 
6. MULTIPLE CHOICE Which expression simplifies 
to x°? 
x2 x 
5 
x 5.42 
> a D xox 
Qxr-2 


7. MULTIPLE CHOICE Which of the following 
numbers is not written in scientific notation? 


@® 8.62 x 10+ 2.12 < 10° 
Cy 212 «10 > 9.9132 x 107! 
CE} 2.0001 x 1077 


4938 


Chapter Standardized Test 


Co TEST-TAKING STRATEGY Be aware of how much time you have left, but keep focused on 


8. 


10. 


1 


— 


12. 


MULTIPLE CHOICE Rewrite 3.6 X 107° in 
decimal form. 
CAD 0.000036 3,600,000 
© 0.00000036 @) 36,000,000 
CE 0.0000036 

. MULTIPLE CHOICE Evaluate the product 


(6.2 x 104) + (2.4 x 10°). Write the result in 
scientific notation. 


@ 1.488 x 108 
©& 14.88 x 10! 
CE} 14.88 x 107 


1.488 x 10!° 
@® 14.88 x 10!° 


(2.3622 x 10°) 


MULTIPLE CHOICE Evaluate -———___,.. 
(3:81 X10?) 


Write the result in scientific notation. 
@ 6.2 X 10° 6.2 x 108 
© 0.62 x 10° @® 6.2 x 10! 
E 62x 10° 


. MULTIPLE CHOICE Which model best represents 


the growth curve shown below? 
@ y = 50(1.4)' 

y = 100(1.4)! 

& y = 50(1.12)' 

@® y= 50(1.4) * 

CE y = 200(1.08)' 


MULTIPLE CHOICE You deposit $450 into a 
savings account that pays 6% interest compounded 
yearly. How much money is in the account after 

6 years? Assume you make no more deposits or 
withdrawals. 


@ $477.00 $602.20 
E& $638.33 @ $676.63 
E $693.33 
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13. MULTIPLE CHOICE In 1994 you bought a rare stamp for $500 that you 
expect to increase in value 12% each year for the next 15 years. Write an 
exponential growth model and estimate the value of the stamp in 2002. 


@) $881.17 $986.91 & $1557.92 BD $1237.98 & $2000 


QUANTITATIVE COMPARISON In Exercises 14-16, evaluate each function. 
Then choose the statement below that is true about the given values of y. 


A. The value of y in column A is greater. 
B. The value of y in column B is greater. 
C. The two values of y are equal. 


D. The relationship cannot be determined from the given information. 


Column A Column B 


: 


17. MIULTIPLE CHOICE The concentration of an allergy medication in a person’s 
bloodstream in nanograms per milliliter (ng/mL) can be modeled by the 
equation y = 263(0.92)', where t represents the number of hours since the 
medication was taken. What is the concentration of the medication remaining 
in the person’s bloodstream after 4 hours? 


@ 263 ng/mL 222 ng/mL © 205 ng/mL @® 188 ng/mL CE) 170 ng/mL 
18. MULTIPLE CHOICE A business had a profit of $142,000 in 1994. Then its 
profit decreased by 8% each year for the next 6 years. Which exponential 


decay model would you use to find how much the business earned in the year 
2000? Let FE represent the earnings and let ¢ represent the year. 


@ E = 142,000(0.08)' E = 142,000(0.96)' C E = 142,000(0.92)' 
@® t= 142,000(0.08)" cé E = 0.92(142,000)' 
19. MIULTIPLE CHOICE Which models below are exponential decay models? 


t £ 
| ys 125 ly = 0.978 ily = (4) ie (2) 
GD Land Il [andIV © Mand Il ©) Land Il Mand IV 


20. MIULTI-STEP PROBLEM The population in one midwestern town was 
tracked over several years. Based on the data for the town, population experts 
determined that the population, in thousands of people, could be represented 
by the expression 2(1.175)', where ¢ is the number of years from now. 


a. What is the population this year? 
b. What is the estimated population 5 years from now? 
c. What was the population 2 years ago? 


d. Writing What advice would you give to the city planners who are trying 
to decide whether or not to build freeways? Include in your advice a 
population prediction for 10 years and 20 years from now. 


Chapter Standardized Test 
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EQUATIONS AND 
FUNCTIONS 
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CHAPTER 


APPLICATION: Baseball 
A hatter usually scores a home 


run by hitting a ball over the out- 
field fence. Mathematical models 
can be used to find how long it 
takes for a baseball to reach the 
ground. 


You'll use quadratic equations to 
solve different types of vertical 
motion problems in Chapter 9. 


Think & Discuss 


1. Use the graph to approximate the maximum 
height the ball reaches. 


2. Use the graph to approximate the maximum 
horizontal distance it travels. 


h 
120 
=}—/80 
£ 
AU 
= 40 
0 
0 100 200 300 | 400 \d 
Distance (ft) 
Learn More About It 


You will use a quadratic model to learn more about 


the path of a ball in Exercise 84 on p. 538. 


NE he : 
Pe 3 APPLICATION LINK Visit www.medougallittell.com 


for more information about baseball. 


CHAPTER 


St = 


What’s the chapter about? 


Chapter 9 is about solving quadratic equations and graphing quadratic 
functions, many of which model real-life applications. In Chapter 9 you’ll learn 


* how to evaluate and approximate square roots. 

* how to simplify radicals. 

* how to solve a quadratic equation. 

* how to sketch the graph of a quadratic function and a quadratic inequality. 


KEY VOCABULARY 


> Review > New ¢ quadratic function, p. 518 
* linear equation, p. 133 * square root, p. 503 * parabola, p. 518 


e x-intercept, p. 218 ¢ irrational number, p. 504 * roots, p. 526 
* exponential growth, p. 477 * radical expression, p. 504 ° discriminant, p. 541 
¢ exponential decay, p. 484 e quadratic equation, p. 505 e quadratic inequalities, p. 548 


Are you ready for the chapter? 


SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Evaluate the expression. (Review pp. 94 and 109) 


_ re 1. 3x2 — 108 when x = —4 2. 8x? + 2 when x = -1 
Study Tip 


“Student Help” boxes 
throughout the chapter 
give you study tips and 


3. x* — 4xy when x = —2 and y = 5 4. ~gy When x = 12 and y = ~3 


tell you where to look for Use a table of values to graph the equation. (Review Examples 2 and 3, pp. 211-212) 
extra help in this book 1 
and on the Internet. BR y= aX + 3 6.y+3=-2x+2 7.x + Ty = 14 


Check whether the ordered pair is a solution. (Review Example 1, p. 360) 


8. 3x +:4y <5, (1,2) 9. 5x — Sy = —6, (0,0) 10: 6x = Bp 80; 3) 


Here’s a study 


STUDY 
strategy! rT Explaining Ideas 


eee ee explaining things to another person can 
ae understand a topic better. Or. someone 
else s questions may point out som i 
ethi 
don’t fully understa nee 


way to check how well you know th i 
@ mat: 
work through questions. érial and to 


hd. Talking about math is a good 


Chapter 9 


Solving Quadratic Equations 
by Finding Square Roots 


PGOAL 1) EVALUATING SQUARE ROOTS 


_ What you should learn PTTTTTTTTTTTITTTTTTITTTTITTLTTTTTTTITTTTTTiTrrrrrrrrrrrrirrrrrrrrrirrerrerrrirrrerrrirrtrrrrrrierrrTr Tree 


Evaluate and You know how to find the square of a number. For instance, the square of 3 is 
approximate square roots. 32 = 9. The square of —3 is also 9. 


Solve a quadratic In this lesson you will study the reverse problem: finding a square root of a 
number. 


equation by finding square 
roots. 


Why you should learn it SQUARE ROOT OF A NUMBER 


V To solve real-life 

problems such as finding 
the time it takes an egg Example: If 32 = 9, then 3 is a square root of 9. 
to hit the ground in an 
engineering contest in 
Example 7. 


If b? = a, then bis a square root of a. 


All positive real numbers have two square roots: a positive square root 

(or principal square root) and a negative square root. Square roots are written 
with a radical symbol V . The number or expression inside a radical symbol is 
the radicand. In the following examples, 9 is the radicand. 


WEE) | Positive square root | Negative square root | The positive and negative 
square roots 


Symbol 
Example V9 =3 -V9 =- +V9 = +3 = +3 0r—-3 


The symbol = is read as “plus or minus” and refers to both the positive square 
root and the negative square root. Zero has only one square root: zero. Negative 
numbers have no real square roots, because the square of every real number is 
either positive or zero. 


P EXAMPLE 1) Finding Square Roots of Numbers 


Evaluate the expression. 


a. V64 b. —V64 c. VO d.+V0.25 e. V—-4 
SOLUTION 

a. V64 = 8 Positive square root 

b. —V64 = —8 Negative square root 

c. VO =0 Square root of zero 


d. +V0.25 = +0.5 Two square roots 
e. V—4 (undefined) No real square root 


9.1 Solving Quadratic Equations by Finding Square Roots 


Numbers whose square roots are integers or quotients of integers are called 
perfect squares. The square roots of numbers that are not perfect squares must 
be written using the radical symbol or approximated. These numbers are part of 
the set of irrational numbers. An irrational number is a number that cannot be 
written as the quotient of two integers. 


T EXAMPLE 2 } Evaluating Square Roots 


_ Evaluate the expression. Use a calculator if necessary. 
Square Root Table a. -V121 b. —V1.44 c. V0.09 d. V7 
For a table of square 
roots, see p. 811. SOLUTION 
a. -V121 = —-ll1 121 is a perfect square: 117 = 121. 
b. —V1.44 = —1.2 1.44 is a perfect square: 1.27 = 1.44. 
c. V0.09 = 0.3 0.09 is a perfect square: 0.37 = 0.09. 
d. V7 ~ 2.65 Round to the nearest hundredth. 


A radical expression involves square roots (or radicals). If the symbol + 
precedes the radical, the expression represents two different numbers, as in 
Example 4. The square root symbol is a grouping symbol. Operations inside a 
radical symbol must be performed before the square root is evaluated. 


T EXAMPLE 3 } Evaluating a Radical Expression 


Evaluate Vb? — 4ac whena = 1, b = —2, andc = —3. 


SOLUTION 
Vb? — 4ac = V(—2)? — 4(1)(-3) Substitute values. 
=V4+12 Simplify. 
=V16 Simplify. 
=4 Positive square root 


EXAMPLE 4 } Evaluating an Expression with a Calculator 


= Evaluate 123 to the nearest hundredth. 


ke KEYSTROKE HELP 


To find the square réot of SOLUTION This expression represents two numbers. 


3 on your calculator you 1 m2 3 48 i1l6025400 
mayneatl taiprase x(a) |) B= | 
ke ES « CRE EB DO Be exer BOGEN 


fy . Test your 


calculator to find out 
which order is correct. > Rounded to the nearest hundredth, the expression represents 1.12 and —0.62. 
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G20 sowvine a Quapratic Equation 


A quadratic equation is an equation that can be written in the following 
standard form. 


ax + bx +c = 0, wherea # 0 


In standard form, a is the leading coefficient. 


When b = 0, this equation becomes ax” + c = 0. To solve quadratic equations of 
this form, isolate x” on one side. Then find the square root(s) of each side. 


_ CONCEPT _ 
SUMMARY 


SOLVING x? = d BY FINDING SQUARE ROOTS 


- If d> 0, then x2 = dhas two solutions: x = +Vd. 


- If d= 0, then x2 = dhas one solution: x = 0. 


- If d< 0, then x2 = dhas no real solution. 


EXAMPLE 5 ] Solving Quadratic Equations 


Solve each equation. 


ax? =4 b.x7=5 c. x7 =0 d.x7=-1 
SOLUTION 
a. x = 4has two solutions: x = +2 andx = —2. 


b. x? = 5 has two solutions: x = V5 and x = —V5. 
c. x? = Ohas one solution: x = 0. 


d. x? = —1 has no real solution. 


EXAMPLE 6 ] Rewriting Before Finding Square Roots 


Solve 3x? — 48 = 0. 


SOLUTION 

_ aD 3x7 — 48 =0 Write original equation. 

Study Tip i 
When checking solutions 3x = 48 Add 48 to each side. 
of quadratic equations, 2 ae ‘ 
remenberiacheckall x = 16 Divide each side by 3. 
solutions in the original x= +V16 Find square roots. 
equation. In Example 6, 
check both 4 and —4. x= 24 16 is a perfect square: 42 = 16, (-4)? = 16. 
3(4)? — 48 2.0 ; to. hk 
oe _ 48 2.0 > The solutions are 4 and —4. Check both solutions in the original equation. 


Both 4 and —4 make the equation true, so 3x” — 48 = 0 has two solutions. 


9.1 Solving Quadratic Equations by Finding Square Roots 


is Look Back 


For help with using 
a table of values to 
graph an equation, 
see pp. 211-212. 


FALLING OBJECT MODEL When an object is dropped, the speed with which it 
falls continues to increase. Ignoring air resistance, its height / can be 
approximated by the falling object model. 


h=-16t7+5 <— Falling object model 


Here h is measured in feet, t is the number of seconds the object has fallen, and s 
is the initial height from which the object was dropped. 


The object’s increase in speed is due to Earth’s gravitational pull. On a planet 
whose gravitational pull is different from that of Earth, the factor —16 would be 
replaced by another constant. 


Using a Falling Object Model 


An engineering student is in an “egg dropping contest.” The goal is to create a 
container for an egg so it can be dropped from a height of 32 feet without 
breaking the egg. To the nearest tenth of a second, about how long will it take 
for the egg’s container to hit the ground? Assume there is no air resistance. 


SOLUTION Write an equation to model the egg container’s height as function 
of time t, where the initial height s = 32. 


h=-16t?7+5 Write falling object model. 
h = —16t? + 32 Substitute 32 for s. 


The falling object model for the egg container is h = —16t? + 32. 


Method 1 MAKE A TABLE One way to solve the problem is to find the height 
h for different values of time f in the function h = —16t7 + 32. Organize 
the data in a table. The egg container will hit the ground when h = 0. 


Height 


> From the table, you can see that h = 0 between 1.4 and 1.5 seconds. The 
egg container will take between 1.4 and 1.5 seconds to hit the ground. 


Method 2 USE AN EQUATION Another way to approach the problem is to 
solve the quadratic equation for the time f that gives a height of 
h = 0 feet. 


h = —16t? + 32 Write falling egg model. 
0 = —16r7 + 32 Substitute 0 for h. 


—32 = —1617 Subtract 32 from each side. 
I=7 Divide each side by —16. 
V2 =f Find positive square root. 
14<t Use a calculator. 


> The egg container will hit the ground in about 1.4 seconds. You can ignore 
the negative square root, because — 1.4 seconds is not a reasonable solution. 
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GUIDED PRACTICE 


Vocabulary Check J 1. State the meanings of the symbols V ,—V ,and+V . 
2. Give an example of a perfect square and an example of an irrational number. 
Concept Check J 3. Explain how to find solutions of an equation of the form ax? +c =0. 
If the statement is true, give an example. If false, give a counterexample. 
4. Some numbers have no real square root. 
5. No number has only one square root. 
6. All positive numbers have two different square roots. 


7. The square root of the sum of two numbers is equal to the sum of the square 
roots of the numbers. 


Skill Check J Evaluate the expression. 


8. V36 9. V0.81 10. —V0.04 11. +V9 
Evaluate the radical expression when a = 2 and b = 4. 
12. Vb? + 10a 43, 102 2Vb 14. Vb? — 8a 
a 


Solve the equation. If there is no solution, state the reason. 
15.2x7-8=0 16.x7°+25=0 17.x°-144=0 18.5x* = —15 


4 FALLING OBJECTS If an object is dropped from an initial height s, how 
long will it take to reach the ground? Assume there is no air resistance. 


19. s = 48 20. s = 96 21. s = 192 


22. If you double the height from which the object falls, do you double the 
falling time? If not, why? 


PRACTICE anp APPLICATIONS 


COPE OEO EEE O EEE EE EEE EEE EEE EEE EEE EEE EEE EEEEE EEE EEE EEE OEEEE EEE EEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


FINDING SQUARE ROOTS Find all square roots of the number or write no 
Extra Practice square roots. Check the results by squaring each root. 
to help you master 23. 49 24. 144 25. —4 26. —25 


skills is on p. 805. 
27. 0 28. 100 29. 0.09 30. 0.16 


EVALUATING SQUARE ROOTS Evaluate the expression. Give the exact 
value if possible. Otherwise, approximate to the nearest hundredth. 


_ ae 31. —V169 32. V64 33. V13 34. —V125 
pincers raed 35. V0.04 36. +V0.75 37. —V0.1 38. +V6.25 

Example 1: Exs. 23-30 

Example 2: Exs. 31-38 EVALUATING EXPRESSIONS Evaluate \ b* — 4ac for the given values. 


Example 3: Exs. 39-44 


39.a=4,b=5,c=1 40.a=—-2,b=8,c=—-8 41.a=3,b=—-7,c=6 
42.a=2,b=4,c=05 48.a=—-3,b=7,c=5 44.a=6,b=-8,c=4 


continued on p. 508 


9.1 Solving Quadratic Equations by Finding Square Roots 


L HOMEWORK HELP 


continued from p. 507 


Example 4: Exs. 45-53 
Example 5: Exs. 54-59 
Example 6: Exs. 60—77 
Example 7: Exs. 79-86 


| EVALUATING EXPRESSIONS Use a calculator to evaluate the 
Ssoa = 
== expression. Round the results to the nearest hundredth. 


45, 32 4V6 ag, 02 4vV2 Pee eee) 
3 = 5 

48. 1+ 6V8 4g. F=3v2. 59, 22 5V6 
6 =i 2 

51, = 8 =H 52,2 iS a 53, 7+ 0.3V12 EAA 


QUADRATIC EQUATIONS Solve the equation or write no solution. Write 
the solutions as integers if possible. Otherwise write them as radical 
expressions. 


4. x° = 36 55. b° = 64 56. 5x* = 500 
57.47 = 16 58. x7 = 0 59. x7 = —9 
60. 3x7 = 6 61.a7+3=12 62. x7 —-7=57 
63. 257 — 5 = 27 64. 5x7 + 5 = 20 65. 7x7 + 30 =9 
66. x7 + 4.0 =0 67. 6x" — 54 =0 68. 7x° — 63 = 0 


{) SOLVING EQUATIONS Use a calculator to solve the equation or write 
== no solution. Round the results to the nearest hundredth. 


69. 4x7 — 3 = 57 70. 6y? + 22 = 34 71. 2x7 -4=10 
72. $n? — 6 =2 73. 37 + 12 =5 74. 4x7 +3-=8 
75. 3x7 +7 =31 76. 657 — 12=0 77. 5a? + 10 = 20 


78. CRITICAL THINKING Write your own example of a quadratic equation in the 
form x* = d for each of the following. 


a. An equation that has no real solution. 
b. An equation that has one solution. 


c. An equation that has two solutions. 


® ROAD SAFETY In Exercises 79-82, a boulder falls off the top of a cliff 
during a storm. The cliff is 60 feet high. Find how long it will take for the 
boulder to hit the road below. 


79. Write the falling object model for s = 60. 

80. Try to determine the time when h = 0 from an input-output table for this model. 
81. Solve the falling object model for h = 0. 

82. Whiting Which problem solving method do you prefer? Why? 


% FALLING OBJECT MODEL In Exercises 83-86, an object is dropped from 
a height s. How long does it take to reach the ground? Assume there is no 
air resistance. 


83. s = 144 feet 84. s = 256 feet 85. s = 400 feet 86. s = 600 feet 
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87. ‘4 HOME COMPUTER SALES The sales S (in millions of dollars) of 
es HOMEWORK HELP home computers in the United States from 1988 to 1995 can be modeled 


% Visit our Web site by S = 145.6317 + 3327.56, where f is the number of years since 1988. Use 
www.mcdougallittell.com this model to estimate the year in which sales of home computers will be 
for help with Exs. 87-88. $36,000 million. > Source: Electronic Industries Association 


88. % COMPUTER SOFTWARE SALES The sales S (in millions of dollars) of 
computer software in the United States from 1990 to 1995 can be modeled by 
S = 61.9877 + 1001.15, where ¢ is the number of years since 1990. Use this 
model to estimate the year in which sales of computer software will be 
$7200 million. > Source: Electronic Industries Association 


CAREERS % IMIINERALS In Exercises 89-94, use the following information. 


Mineralogists use the Vickers scale to measure the hardness of minerals. The 
hardness H of a mineral can be determined by hitting the mineral with a pyramid- 
shaped diamond and measuring the depth d of the indentation. The harder the 
mineral, the smaller the depth of the indentation. A model that relates mineral 
hardness with the indentation depth (in millimeters) is Hd 2 = 1.80. 


Use a calculator to find the depth of the indentation for the mineral with the given 
value of H. Round to the nearest hundredth of a millimeter. 


89. Graphite: H = 12 90. Gold: H = 50 91. Galena: H = 80 


i= ‘ ‘ 
Jes MINERALOGISTS 
> The properties and 
distribution of minerals are 
studied by mineralogists. 
The Vickers scale applies to 
thin slices of minerals that 


can be examined with a 92. Platinum: H = 125 93. Copper: H = 140 94. Hematite: H = 755 
microscope. 


snes 
4) CAREER LINK 


www.mcdougallittell.com 


Obs 
Test és) QUANTITATIVE COMPARISON In Exercises 95-96, choose the statement 
Preparation below that is true about the given numbers. 


CA The number in column A is greater. 
The number in column B is greater. 
CE The two numbers are equal. 


(> The relationship cannot be determined from the given information. 


Column A Column B 


—V121 —2V121 


The positive value of | The positive value of 
xin2x*-14=18 | xin 2x?+ 14 = 46 


9.1 Solving Quadratic Equations by Finding Square Roots 


%& Challenge | EGEWS3e CONNECTION’ In Exercises 97-100, use the following information. 
Scientists simulate a gravity-free environment called microgravity in free-fall 
situations. A similar microgravity environment can be felt on free-fall rides at 
amusement parks or when stepping off a high diving platform. The distance d 
(in meters) that an object that is dropped falls in t seconds can be modeled by 


the equation d = 5e(0’). where g is the acceleration due to gravity 
(9.8 meters per second per second). 


97. The NASA Lewis Research Center has two microgravity facilities. One 
provides a 132-meter drop into a hole and the other provides a 24-meter 
drop inside a tower. How long will each free-fall period be? 


98. In Japan a 490-meter-deep mine shaft has been converted into a 
microgravity facility. This creates the longest period of free fall currently 
available on Earth. How long will a period of free-fall be? 


99. If you want to double the free-fall time, how much do you have to increase 
the height from which the object was dropped? 


100. CRITICAL THINKING How are these formulas similar? 


d= 5g(t?) when d is distance, g is gravity, and f is time 


www.mcdougallittell.com h = —16t* + s when h is height, s is initial height, and fis time 


MIxeD REVIEW 


FACTORING INTEGERS Write the prime factorization. (Skills Review, p. 777) 
101. 11 102. 24 103. 72 104. 108 


GRAPH AND CHECK Use a graph to solve the linear system. Check your 
solution algebraically. (Review 7.1) 


105.-3xt+4y=—5 106. 4x + 5y = 20 107. ax + 3y=18 
a dare syty=4 Qx + 6y = 12 


SOLVING SYSTEMS In Exercises 109-111, use linear combinations to solve 
the system. (Review 7.3) 


108. 12x — 4y = —32 109. 10x — 3y = 17 110. 8x — 5y = 100 
x+3y=4 —Txt+ty=9 ax + ty=4 

111. % BASKETBALL TICKETS You are selling tickets at a high school 
basketball game. Student tickets cost $2 and general admission tickets cost 
$3. You sell 2342 tickets and collect $5801. How many of each type of ticket 
did you sell? (Review 7.2) 


112. % FLOWERS You are buying a combination of irises and white tulips for a 
flower arrangement. The irises are $1 each and the white tulips are $.50. You 
spend $20 total to purchase an arrangement of 25 flowers. How many of 
each kind did you purchase? (Review 7.2) 
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Simplifying Radicals 


Ree RRR Ree ERE E EEE EERE EEE EEE SEER EEE EERE EEE EERE EEE EE EEE ESTEE EE EEE REESE EEE E HEHE EEE EEE REESE EEE EES 


PGOAL 1) SIMPLIFYING RADICALS 
What you should learn 


Use properties of In this lesson you will learn how to simplify radical expressions and how to 
radicals to simplify radicals. recognize when a radical is written in simplest form. 

Use quadratic 
equations to model real-life © ACTIVITY 
problems, such as the speed "WI pYavgtysthts Saat ‘ i 
of a tsunami in Ex. 55. eNtcnee Investigating Properties of Radicals 


Why you should learn it @ Evaluate the radical expressions Vab and Va + Vb for the given values 


VY To compare the speeds of of a and b. 

NCP Cene Secu sel els Lea o=s b. a = 64, b = 100 AGS 5b =A 

in a real-life boat race in 

Example 3. d. a = 36, b = 16 e. a = 100, b = 625 f.a = 121,b = 49 
See 


® What can you conclude? 


Wa 
© Evaluate the radical expressions a and i: for the given values of a 


and b. 
a.a=4,b=49 b. a = 16, b = 64 & @ = QD, bb = 36 
da — 2255p —4 e. a= 144, b = 100 th =O, = il 


@® What can you conclude? 


In the activity you may have discovered the following two properties that can be 
used to simplify expressions that contain radicals. 


PROPERTIES OF RADICALS 


PRODUCT PROPERTY The square root of a product equals the product of 
the square roots of the factors. 


Vab = Va+ Vb where a= Oand b=0 
Example: V4- 100 = V4 - V100 


QUOTIENT PROPERTY The square root of a quotient equals the quotient of 
the square roots of the numerator and denominator. 


g where a= Oand b>0 


9.2 Simplifying Radicals 


An expression with radicals is in simplest form if the following are true: 


¢ No perfect square factors other V8 4°2 a0 
than | are in the radicand. 


: . : Se V5 V5 
No fractions are in the radicand. 16 ae a 
: : 1 1 
¢ No radicals appear in the — >» — 
pp iq 5) 


denominator of a fraction. 


GEV Simplitying with the Product Property 


Simplify the expression V50. 


SOLUTION 


You can use the product property to simplify a radical by removing perfect square 
factors from the radicand. 


_ Ee V50 = V25+2 Factor using perfect square factor. 
Skills Review = VIR 64/2 


Use product property. 
For help with factoring, 
see pp. 777-178. = 5V2 Simplity. 


T EXAMPLE 2 } Simplifying with the Quotient Property 


Simplify the expression. 


3 v20 oD. 
a. fe b. 4 c. 5 
SOLUTION 
a _ V3 Use quotient property 
“Vg V4 : 
=e Simpit 
a implify. 
b. aie = “4 : Factor using perfect square factor. 
a _ Remove perfect square factors. 
-_ ue Divide out common factors. 
c. x -_ FE - xs Factor using perfect square factor. 
_ /16 ae 
= 4) os Divide out common factors. 


V16 
i $23 HOMEWoRK HELP == Use quotient property. 


Visit our Web site 25 
www.mecdougallittell.com 


= a Simplif 
for extra examples. 5 oe 
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APPLICATIONS PGOAL 2) USING QUADRATIC MODELS IN REAL LIFE 


SORE ERE R EERE EERE EEE EEE HEHEHE HEHEHE EEE EEE EEE EEE EEE EEE HEHEHE EEE EEE HEHEHE EEE EEE HEHEHE EEES 


Quadratic equations can be used to model real-life situations, such as comparing 
the maximum speeds of two sailboats with different water line lengths. 


GTR) Simplitying Radical Expressions 


BOAT RACING The maximum speed s (in knots or nautical miles per hour) that 


; ~ Pea some kinds of boats can travel can be modeled by 
ay CHASE RACES + 
allow boats with r= “9 »» where x is the length of the water line in feet. 


different maximum speeds to 
race against each other. In A sailboat with a 16-foot water line is racing against a sailboat with a 32-foot 


esalnbie ome smiclienhoa water line. The smaller sailboat is traveling at a maximum speed of 5.3 knots. 
would start a 10-mile race 


40 minutes before the bigger a. Find the maximum speed of the sailboat with the 32-foot water line. Find the 


boat to allow for the bigger speed to the nearest tenth. 
boat's speed advantage. 


ion APPLICATION LINK b. Is the maximum speed of the sailboat with the 32-foot water line twice that 
www.mcdougallittell.com of the sailboat with the 16-foot water line? Explain. 


SOLUTION 
a. Write the model for maximum speed of a sailboat and let x = 32 feet. 
os sey Write quadratic model. 
rs i °32 Substitute 32 for x. 
\/2 — /16 : : 
a5" 32 Find square root of both sides. 
V1 
s= a V32 Use quotient and product properties. 
vo 
V1 
us V16 «V2 Identify perfect square factors. 
vo 
-_ 4 * AV2 Remove perfect square factors. 
16V2 _ 
= Simplify. 
3 
= 75 Use a calculator or square root table. 


b. No, because 7.5 knots is not twice 5.3 knots. The maximum speed of the 
2 
smaller sailboat is s = || or ue so the longer sailboat’s maximum speed 


is only V2 times the smaller sailboat’s maximum speed. 


9.2 Simplifying Radicals 


GUIDED PRACTICE 


Vocabulary Check J 1. Is the radical expression in simplest form? Explain. 
a. 2V2 b. [a c. 5V40 


Concept Check J 2. Explain how to use the product property of radicals to simplify V3 °V15. 


3. Explain how to use the quotient property of radicals to simplify <5 . 


Skill Check / Match the radical expression with its simplified form. 


A. 3V6 B. 9V6 @ 2V2 D. 4V2 
4, V32 5. V54 6. V486 7. V8 


8. “} SAILING Find the maximum speed of a sailboat with a 25-foot water line 
using the formula in Example 3. 


9. ERROR ANALYSIS Describe the error. =V5- 
Simplify correctly. ao 


PRACTICE AND APPLICATIONS 


COCO EEE EEE EEE E HEE EEE EEE EEE EEE EEE EEE EEE EEE EEEEEEEEEEEEEE EE EEE EE ESSE EEE EEEEEE EEE EEEE EEE EEEEEEEEESEEEEEEEEEEEEEE SESE EEEEES 


Aavermernes PRODUCT PROPERTY Simplify the expression. 
me Practice 10. V44 11. V27 12. V48 13. V75 
to help you master 
skills is on p. 805. 14. V90 15. V125 16. V200 17. V80 
18. 5Vi12 19. 2V54 20. V2 -V8 21. V6 -V8 
QUOTIENT PROPERTY Simplify the expression. 
7 11 5 5 
22. 9 23. 16 24. 2/5 25. 18 RI 
10 9 13 8 
26. 2 > 27. 3,2 28. 8 “a. 29. 3 64 
16 3 6 20 
30. 4 a 31. 3 16 32.5 2 33. 8 a 
SIMPLIFYING Simplify the expression. 
34, 132 35, [22 36, 142 7, 136. 
V25 36 V4 vo 
vo V48 Ve4 V120 
38. —— 39. —— 40. — 41. —=— 
=e vag ve vie : 
ae 42.5V32+V2 43.3V63-V4 aa. VO 4V250— a5, —2V27 - V3 
Example 1: Exs. 10-21 2 
Example 2: Exs. 22-41 
Example 3: Exs. 42-57 46. ad % V18 47. —\/4* V81 48. V10 ° V16 49. —2V20 
V2 V36 V5 V100 
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L, Skills Review 


For help with area of 
geometric figures, 
see pp. 790-791. 


GEOMETRY N Find the area of the figure. Give both the exact 
answer in simplified form and the decimal approximation rounded to the 
nearest hundredth. 


50. 51. 52. 
. Le ii. 
V20 


‘S Bopy SURFACE AREA In Exercises 53 and 54, use the following 
information. 

Physicians can approximate the Body Surface Area of an adult (in square meters) 
using an index called BSA where H is height in centimeters and W is weight in 
kilograms. 


5 BW 
Body Surface Area: 3600 


53. Find the BSA of a person who is 180 centimeters tall and weighs 
75 kilograms. 


54. Find the BSA of a person who is 160 centimeters tall and weighs 
50 kilograms. 


& TSUNAMI In Exercises 55-57, use the following information. 

A tsunami is a destructive, fast-moving ocean wave that is caused by an undersea 
earthquake, landslide, or volcano. The Pacific Tsunami Warning Center is 
responsible for monitoring earthquakes that could potentially cause tsunamis in 
the Pacific Ocean. Through measuring the water level and calculating the speed 
of a tsunami, scientists can predict arrival times of tsunamis. 


The speed s (in meters per second) at which a tsunami moves is determined by 
the depth d (in meters) of the ocean. 


s = Ved, where g is 9.8 meters per second per second 


55. Find the speed of a tsunami in a region of the ocean that is 1000 meters deep. 
Write the result in simplified form. 


56. Find the speed of a tsunami in a region of the ocean that is 4000 meters deep. 
Write the result in simplified form. 


57. CRITICAL THINKING Is the speed of a tsunami at a depth of 4000 meters 
four times the speed of a tsunami at 1000 meters? Explain why or why not. 


4 / 


© Water elevation stations S558 Tsunami travel times 
(in hours) to Honolulu, Hawaii 


9.2 Simplifying Radicals 


EDd 
Test =e 58. IMIULTIPLE CHOICE Which is the simplified form of a ? 


Preparation 
° @® WS avs & 205 o 
59. MULTIPLE CHOICE Which is the simplified form of 33,/=5—? 
2V33, 3V2 
auek 33V2 3V2 
BD Wan & DO rT 
60. IIULTIPLE CHOICE Which is the simplified form of ae 
® AB 3V13 & 3V2% ® SU 


%& Challenge Extension: FRACTIONAL EXPONENTS Sometimes V3 is written as 31/2. 
61. " You can obtain a graphical representation of the relationship 2!/” = V2. 
~~ by investigating the graph of f(x) = 2*. 
a. Graph f(x) = 2%. 
b. Use the Trace feature to find values of f when x = 7 


c. Compare the value from part (b) with the value of V2. 
Using the fact that x'/2 = x, rewrite in simplest radical form. 
www.medougallittell.com 62. 6x!” 63. x? -4V2 64. 18)? + Ox!/x 


MixeD REVIEW 


GRAPHING EQUATIONS Use a table of values to graph the equation. 
(Review 4.2 for 9.3) 


65. y= -—x+5 66.y=x-7 67. y= 3x-1 


EVALUATING EXPRESSIONS Simplify the expression. Then evaluate the 
expression when a = 1 and b = 2. (Review 8.1) 


68. (a)? 69. b°+ b* 70. (a*b)* 


REWRITING EXPRESSIONS Rewrite the expression using positive 
exponents. (Review 8.2) 


71. aa - 72.7 = a ee 74. 6x 2y~® 
xX 
75. “} BUSINESS From 1994 to 1999, the Annual'Sales 
sales for a chain of home furnishing stores 
increased by about the same annual rate. The Z = 
sales S (in millions of dollars) in year t = S He 
t — o 
can be modeled by S = 455(+3) 2 5 500 
where f represents years since 1994. Find the 7 ° a ee 


ratio of 1999 sales to 1995 sales. (Review 8.3) Years since 1994 
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© ACTIVITY 9.3 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 
graphing calculator 


NE; 
lh i KEYSTROKE 


% HELP 
See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


“ e Group Activity for use with Lesson 9.3 
Investigating Graphs 
of Quadratic Functions 


> QUESTION How do the coefficients a, b, and c affect the shape of the 
graph of the quadratic function y = ax? + bx + c? 


> EXPLORING THE CONCEPT 


@ Use a graphing calculator to graph y = ax” using —2, —1, —0.5, 0.5, 1, and 2 
as values of a. Adjust the viewing window if necessary. Discuss your results 
with others in your group. 


Write a sentence that describes how the value of a affects the graph of y = ax” 


@ Use a graphing calculator to graph y = x7 + bx using —4, —2, —1, 0, 1, 2, 
and 4 as values of b. Adjust the viewing window if necessary. Discuss your 
results with others in your group. 


Write a sentence that describes how the value of b affects the graph of 
y= x? + bx. 


e Use a graphing calculator to graph y = Re Use =, —3, —Il, IL, 3, amal S 
as values of c. Adjust the viewing window if necessary. Discuss your results 
with others in your group. 


Write a sentence that describes how the value of c affects the graph of 
y= x? +. 
> DRAWING CONCLUSIONS 


ANALYZING GRAPHS From the graph, what can you tell about the a, b, and 
c values of the function? 


SKETCHING GRAPHS Sketch the graph of the function. Use the a, b, and c 
values. 


5 y= 5x7 + 10x 
8. y= —2x* — Tx 


10. GRAPHING FUNCTIONS Which of the quadratic 
functions could be shown by the graph at the right? 
Explain your reasoning. 


A. y=x =2 
Cay = 2 


6. y = 5x7 + 10x —5 
9. y = —2x* — 7x +6 


B. y=x74+2 
D. y=x? + 2x 


9.3 Concept Activity 


Graphing Quadratic Functions 


ARR RRR ERE ERE E EERE EEE EERE EERE EEE EEE EE SESE EEE EEE EEE EEE EEE EE EEE EE EEE EEE EEEEEEE EE EEE EEE EEE EEE EES 


GQ) sxetcuine a Quapratic FUNCTION 
What. you should learn 


GQ, Sketch the graph A quadratic function is a function that can be written in the standard form 
of a quadratic function. 
=e? 
SIN Use quadratic y = ax” + bx + c, where a # 0. 


models in real-life settings, ; ; — 
such as finding the winning Every quadratic function has a U-shaped graph called a parabola. If the leading 


distance of a shot put in coefficient a is positive, the parabola opens up. If the leading coefficient is 
Example 3. negative, the parabola opens down in the shape of an upside down U. 


MT v you should learn it The graph on the left has a positive leading coefficient so it opens up. The graph 


on the right has a negative leading coefficient so it opens down. 
V To model real-life 


parabolic situations, such as 
the height above the water of 
a jumping dolphin in 


Exs. 65 and 66. 
Ss 


vertex is the lowest point of a parabola that opens up and the highest point 
of a parabole that opens down. The parabola on the left has a vertex of (0, 0) and 
the parabola on the right has a vertex of (0, 4). 


The line passing through the vertex that divides the parabola into two symmetric 


parts is called the axis of symmetry. The two symmetric parts are mirror 
images of each other. 


GRAPH OF A QUADRATIC FUNCTION 


The graph of y = ax* + bx + cis a parabola. 
¢ If ais positive, the parabola opens up. 


¢ If ais negative, the parabola opens down. 


¢ The vertex has an x-coordinate of - 5. 


¢ The axis of symmetry is the vertical line x = 
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| fh Study Tip 


| If the x-coordinate of the 
vertex is a fraction, you 
can still choose whole 
numbers when you make 
a table. 


GRAPHING A QUADRATIC FUNCTION 


STEP @ Find the x-coordinate of the vertex. 


STEP ® Make a table of values, using x-values to the left and right of 
the vertex. 


STEP € Plot the points and connect them with a smooth curve to form 
a parabola. 


EXAMPLE 1 ] Graphing a Quadratic Function with a Positive a-value 


Sketch the graph of y = x” — 2x — 3. 


SOLUTION 
@ Find the x-coordinate of the vertex when a = 1 and b = —2. 
_b = en” =] 
2a 2(1) 


® Make a table of values, using x-values to the 
left and right of x = 1. 


m >| 0 |-3 [-4 [-3 [0 [s | 


© Plot the points. The vertex is (1, —4) and the 
axis of symmetry is x = 1. Connect the points 
to form a parabola that opens up since a is positive. 


EXAMPLE 2 ] Graphing a Quadratic Function with a Negative a-value 


Sketch the graph of y = —2x? — x + 2. 


SOLUTION 
@ Find the x-coordinate of the vertex when a = —2 andb = —1. 
b -1 1 


a = 
® Make a table of values, using x-values to the left and right of x = = 


© Plot the points. The vertex is - +. 2] and the 
axis of symmetry is x = 5 Connect the 


points to form a parabola that opens down 
since a is negative. 


9.3. Graphing Quadratic Functions 


G2 usine ouapratic MopeELs IN REAL LIFE 


When an object has little air resistance, its path through the air can be 
approximated by a parabola. 


FOCUS ON GZVDEE) Using a Quadratic Model 


(|) TRACK AND FIELD Natalya Lisovskaya holds the world record for the 

== women’s shot put. The path of her record-breaking throw can be modeled by 
y= —0.01347x* + 0.9325x + 5.5, where x is the horizontal distance in feet and 
y is the height (in feet). The initial height is represented by 5.5, the height at 
which the shot (a 4-kilogram metal ball) was released. 


a. What was the maximum height (in feet) of the shot thrown by Lisovskaya? 


b. What was the distance of the throw to the nearest hundredth of a foot? 


SOLUTION 


a. The maximum height of the throw occurred at the vertex of the parabolic 
path. Find the x-coordinate of the vertex. Use a = —0.01347 and b = 0.9325. 


Je NATALYA 
ys LISOVSKAYA b _ 0.9325 34.6] 
In 1987, the women’s world 2a 2(—0.01347) 


record in shot put was set by 
Lisovskaya. She also won an 


Olympic gold medal in 1988. y = —0.01347(34.61)* + 0.9325(34.61) + 5.5 ~ 21.6 
> The maximum height of the shot was about 21.6 feet. 


Substitute 34.61 for x in the model to find the maximum height. 


b. To find the distance of the throw, sketch the parabolic path of the shot. 
Because a is negative, the graph opens down. Use (35, 22) as the vertex. The 
y-intercept is 5.5. Sketch a symmetric curve. 


y= oie + 0K + 55 


*maximum height 


Height (ft) 


(69.2, 5.5) 
_maximum 
| distance 

0 10 20 30 40 50 60 70 80 90 x 
| | | Horizontal distance (ft) 


The distance of the throw is the x-value that yields a y-value of 0. The graph 
shows that the distance was between 74 and 75 feet. You can use a table to 
refine this estimate. 


Height y 


> The shot hit the ground at a distance between 74.6 and 74.7 feet. 
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GUIDED PRACTICE 


Vocabulary Check / 1. Identify the values of a, b, and c for the quadratic function in standard form 
2 
y= —5x° + Tx — 4. 


2. Why is the vertical line that passes through the vertex of a parabola called the 
axis of symmetry? 


Concept Check J 3. Explain how you can decide whether the graph of y = 3x” + 2x — 4 opens 
up or down. 


4. Find the coordinates of the vertex of the graph of y = 2x? + 4x — 2. 


Skill Check / Tell whether the graph opens up or down. Write an equation of the axis of 


symmetry. 

By=x7+4x-1 6. y = 3x7 + 8x -6 Ty=x7+7x-1 

8. y= —-x*-— 4x42 9. y= 5x7 —-2x+4 10. y= —x7 +4 

Sketch the graph of the function. Label the vertex. 

11. y = —3x? 12. y= —3x7 + 6x + 2 13. y= —5x* + 10 

14.y=x°+4x+7 15. y=x? — 6x + 8 16. y = 5x° + 5x—-2 

17. y= —4x7-—4x+12 18. y=3x7-6x4+ 1 19. y = 2x7 — 8x +3 

20. % BASKETBALL You throw a basketball whose path can be modeled by 
y=- 16x” + 15x + 6, where x represents time (in seconds) and y represents 


height of the basketball (in feet). 
a. What is the maximum height that the basketball reaches? 


b. In how many seconds will the basketball hit the ground if no one catches it? 


PRACTICE ano APPLICATIONS 


_ PREPARING TO GRAPH Complete these steps for the function. 
Extra Practice a. Tell whether the graph of the function opens up or down. 
to help you master 
skills is on p. 805. b. Find the coordinates of the vertex. 


c. Write an equation of the axis of symmetry. 


21.9 = 2x7 22. y = —7x? 23. y = 6x7 24.y = 5x? 
25. y = —5x 26. y = —4x? 27. y = —16x? 28. y = 5x7 — x 
29. y = 2x” — 10x 30. y = —7x7 + 2x 31. y = —10x? + 12x 
== 32.y= 6x7 + 2x +4 33. y= 5x7 + 10x +7 34. y = —4x7— 4x + 8 
HOMEWORK HELP 35. y = 2x" — 7x — 8 36.y=2x7+7x-21 937. y= -x7 + 8x4 32 
Example 1: Exs. 21-64 1 1 
Example 2: Exs. 21-64 38. y= hal oa 39. y = 4x7 + ae — 8 40. y = —10x* + 5x — 3 


Example 3: Exs. 65—75 
41. y =0.78x7 —4x—-8 42.y=3.5x7+2x-8 48. y= —10x?— 7x + 2.66 


9.3 Graphing Quadratic Functions 


SKETCHING GRAPHS Sketch the graph of the function. Label the vertex. 


44, y=x° 45.y= —2x? 46. y = 4x" 
AT.y=x°+4x-1 48. y = —3x7 + 6x —9 49. y = 4x7 + 8x -3 
50. y = 2x7 —x 51. y = 6x7 — 4x 52. y = 3x7 — 2x 
B3.y=x°+x4+4 B4.y= x2 +245 BB. y = 3x7 — 2x-1 

56. y = 2x7 + 6x —5 B7.y=—3x7-2x—-1 58. y = —4x7 + 32x — 20 


59. y= —4x7 + 4x +7 60.y=—3x7-3x4+4 61. y= 2x7 + 6x —5 


62 y= x +23 63. y = 4x7 — 4x + 6 64. y= —gx?7- x1 


® DOLPHIN In Exercises 65 and 66, | 
use the following information. | 
A bottlenose dolphin jumps out of the 

water. The path the dolphin travels can 

be modeled by h = —0.2d > + 2d, where 

h represents the height of the dolphin 

and d represents horizontal distance. i++ 4+ 


‘= 
. 


Height (ft) 


65. What is the maximum height the 
dolphin reaches? 


66. How far did the dolphin jump? =e 


Apa OiONs WATER ARC In Exercises 67 and 68, use the following information. 


== On one of the banks of the Chicago River, there is a water cannon, called the 
Water Arc, that sprays recirculated water across the river. The path of the Water 
Arc is given by the model 


y = —0.006x? + 1.2x + 10 


where x is the distance (in feet) across the river, y is the height of the arc (in feet), 
and 10 is the number of feet the cannon is above the river. 


67. What is the maximum height of the water sprayed from the Water Arc? 


68. How far across the river does the water land? 


® GOLD PRODUCTION In Exercises 69-71, use the following information. 
In Ghana from 1980 to 1995, the annual production of gold G in thousands of 
ounces can be modeled by G = 12¢7 — 103t + 434, where t is the number of 
years since 1980. 


Je WATER ARC 
To celebrate the 


engineering feat of reversing 69. From 1980 to 1995, during 
the flow of the Chicago River, ; , 
the Water Arc was built on which yeas Wee the 
the hundredth anniversary of production of gold in Ghana 


this event. decreasing? 


70. From 1980 to 1995, during 
which years was the 
production of gold increasing? 


Gold Production in Ghana 


Ounces (thousands) 


71. How are the questions asked in 
Exercises 69 and 70 related to 
the vertex of the graph? 


160 
Years since 1980 
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=| TABLE TENNIS In Exercises 72-75, use the following information. 
Oey OMEWORK HELP == Suppose a table-tennis ball is hit in such a way that its path can be modeled 
4 Visit our Web site by h = —4.9t? + 2.07t, where h is the height in meters above the table and t is 


www.medougallittellcom the time in seconds. 


for help with Exs. 72-75. , ; : 
a ? 72. Estimate the maximum height 


reached by the table-tennis ball. 
Round to the nearest tenth. 


73. About how many seconds did it 
take for the table-tennis ball to 
reach its maximum height after 
its initial bounce? Round to the 
nearest tenth. 


74. About how many seconds did it take for the table-tennis ball to travel from 
the initial bounce to land on the other side of the net? Round to the nearest 
tenth. 


75. CRITICAL THINKING What factors would change the path of the table-tennis 
ball? What combination of factors would result in the table-tennis ball 
bouncing the highest? What combination of factors would result in the table- 
tennis ball bouncing the lowest? 


ExDd 
Test = 76. % MULTI-STEP PROBLEM A sprinkler can eject water at an angle of 35°, 
Preparation 60°, or 75° with the ground. For these settings, the paths of the water can be 


modeled by the equations below where x and y are measured in feet. 


35°: y = —0.06x7 + 0.70x + 0.5 


60°: y = —0.16x? + 1.73x + 0.5 


75°: y = —0.60x7 + 3.73x + 0.5 


a. Find the maximum height of the water for each setting. 
b. Find how far from the sprinkler the water reaches for each setting. 


c. CRITICAL THINKING Do you think there is an angle setting for the 
sprinkler that will reach farther than any of the settings above? How do the 
angle and reach represented by the graph of y = —0.08x7 +x + 0.5 
compare with the others? What angle setting would reach the least distance? 


%& Challenge — 77. UnperstanpinG GRAPHS Sketch the graphs of the three functions in the 
same coordinate plane. Describe how the three graphs are related. 


ay=x7+x+1 b.y=x*-Ix+1 cy=x-x+1 
yogetaxtl y=x?-S5x4+1 y=x?-x4+3 
y=2x7+x4+1 y=x?-10x+1 y=x*-x-2 


78. How does a change in the value of a change the graph of y = ax” + bx + c? 
79. How does a change in the value of b change the graph of y = ax? + bx +c? 
www.medougallittell.com 80. How does a change in the value of c change the graph of y = ax? + bx +c? 


9.3 Graphing Quadratic Functions 


MIxeD REVIEW 


PPP Oo SSE E OEE OEE EE EEHE TEE ESEEO EEE EEEH ETE E SHOE EE SOEO EEOC ESOT EEE EEO TEE ESEEOEEESEES ET EEESEEEEEOEEESETEEESELOESESESSELEE SOON 


GRAPHING Write the equation in slope-intercept form, and then graph the 
equation. Label the x- and y-intercepts on the graph. (Review 4.6 for 9.4) 


81. —3x +y+6=0 82. -x+y—-7=0 

83. 4x + 2y — 12 =0 84.x+ 2y-7=5x+1 

GRAPHING LINEAR INEQUALITIES Graph the system of linear inequalities. 

(Review 7.6) 

85.x — 3y = 3 86.x+ys5 87.x+ y< 10 
x—3y=12 x=2 2x+y> 10 


y=0 x-y<2 


SIMPLIFYING EXPRESSIONS Simplify. Write your answer as a power or as 
an expression containing powers. (Review 8.1) 


88. 45-48 89. (3°)? 90. (3°)? 91.a*a 
92. (3b*)? 93. 6x * (6x)? 94. (32)3(—1*) 95. (—3a°b’)° 
SCIENTIFIC NOTATION Rewrite the number in scientific notation. 
(Review 8.4) 
96. 0.0012 97. 987,000 98. 3,984,328 
99. 1,229,000,000 100. 0.000432 101. 0.00999 
QU IZ 1 Self-Test for Lessons 9.1-9.3 


Evaluate the expression. Give the exact value if possible. Otherwise, 
approximate to the nearest hundredth. (Review 9.1) 


1. V144 2. -V196 3. —V676 4. -V27 

5. V6 6. V1.5 7. V0.16 8. V2.25 
Solve the equation. (Review 9.1) 

9. x” = 169 10. 4x? = 64 11. 12x” = 120 12. —6x” = —48 
Simplify the expression. (Review 9.2) 
13. VIB 14. V5 +20 15. ADL 16. 32 


Tell whether the graph of the function opens up or down. Find the 
coordinates of the vertex. Write the equation of the axis of symmetry 
of the function. (Review 9.3) 


W.y=x?+2x-11 18. y = 2x” — 8x — 6 19. y = 3x” + 6x — 10 
20. y = dx? + 5x — 3 21. y= 7x7 —7x+7 22. y= x7 + Ox 


Sketch a graph of the function. (Review 9.3) 
23. y= —-x7 + 5x—5 24. y = 3x7 + 3x+1 25. y= —2x7 +x-3 
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© ACTIVITY 9.3 


Using Technology 


MATERIALS 
CBL (optional) 


N, 
ih i KEYSTROKE 


( HELP 
Visit our Web site 
www.mcdougallittell.com 
for information on using a 
CBL to collect your own 
data. 


Graphing Calculator Activity for use with Lesson 9.3 


Graphing Quadratic Curves of Best Fit 


> EXAMPLE 


A falling object is dropped from a height of 5.23 feet. Using a CBL unit, the 
height of the object was recorded. Use a graphing calculator to find a quadratic 
model for the data. 


Time 0.0 0.04 
rete 9.23 | 5.16 


> SOLUTION 

@ Let L, represent time (x) (2) Set the viewing window so the range 
and L, represent height (y). of x is from 0 to 1 and the range of y 
Enter the ordered pairs. is from 0 to 6. Make a scatter plot. 


(3) Use quadratic regression to find a 4.) Graph the equation 
quadratic model. Approximate to y = —16.80x? — 0.90x + 5.22 
the nearest hundredths place. with the initial points. 


QuadReg 
y=ax2+bx+c 


a=-16.80264011 
b=-.8974844214 
c=5.218564216 


i 1 i | 
> From the scatter plot and the curve, you can see that the data appear to be part 


of a parabola that opens downward. 


> EXERCISES 
In Exercises 1 and 2, find the best-fitting quadratic model for the points. 
1. (1, 16), (3, 138), (5, 366), (7, 652), (9, 970), (11, 1310), (13, 1660) 


2130) 2 8) (Sle) (O63 .0— 16.3) (= sl lO) 2 8. 89), 
(]173,=—25)(052) G8, 4.1). (2 722:8) 


3. If you have access to a CBL unit, collect data for three different falling 
objects such as a basketball, a baseball, and a table-tennis ball. Find a 
quadratic model for the height of each object. Are the values of a very 
different for different objects? 


9.3 Technology Activity 


Solving Quadratic Equations 
by Graphing 


PGOAL 1) SOLVING QUADRATIC EQUATIONS GRAPHICALLY 


What. you should loon, et TTT 


Solve a quadratic In Lesson 4.7 you learned to use the x-intercept of a linear graph to estimate the 
equation graphically. solution of a linear equation. A similar procedure applies to quadratic equations. 

Use quadratic 
models in real-life settings, 
such as the consumption of 


Swiss cheese in the United : : meen : 
States in Ex. 52. The solution of a quadratic equation in one variable x can be solved or 


checked graphically with the following steps. 


Why you should learn it STEP @ Write the equation in the form ax* + bx + c= 0. 
WV To make predictions with 
real-life situations, such as 
the length of a shot put in STEP © Sketch the graph of the function y = ax* + bx + ¢. 

Example 4. Mikes The solutions, or roots, of ax? + bx + c= Oare the x-intercepts. 

m 


SOLVING QUADRATIC EQUATIONS USING GRAPHS 


STEP @ Write the related function y = ax? + bx +. 


GIEVHED Representing a Solution Using a Graph 


Solve 5x? = 8 algebraically. Represent your solutions as the x-intercepts of a graph. 


SOLUTION 
5x? = 8 Write original equation. 
x*= 16 Multiply each side by 2. 
x= +4 Find the square root of each side. 


Represent these solutions using a graph. 


@ Write the equation in the form ax” + bx + c = 0. 


LD 


5) Rewrite original equation. 


19 = Subtract 8 from 
yy 8=0 each side. 


@ Write the related function 
y=ax>+bxte. 


K 8 12% 
x-intercept 


ee 8 titertant 


© Sketch the graph of y = 50? =, 


The x-intercepts are +4, which are 
the algebraic solutions. 


Chapter 9 Quadratic Equations and Functions 


Ni 
fs sey HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


is Look Back 


For help with using a 
graphing calculator to 
graph equations, see 
p. 248. 


T EXAMPLE 2] Solving an Equation Graphically 


Solve x” — x = 2 graphically. Check your solution algebraically. 


SOLUTION 
@ Write the equation in the form ax” + bx + c = 0. 
x7—-x=2 Write original equation. 
x*>—-x-2=0 Subtract 2 from each side. 


© Write the related function y = ax’ + bx +c. 


y=x*-x-2 
© Sketch the graph of the function 
y=x*-x-2. 


From the graph, the x-intercepts appear to 
be x = —landx = 2. 


WA CHECK You can check this by substitution. 


areal 


Check x = —1: Check x = 2: 

a =H = 2 x?-xy=2 
(-1)* —- (-1) 22 27-222 

1+1=2 4-2=2 


T EXAMPLE 3 | Using a Graphing Calculator 


©) Use a graphing calculator to approximate the solution of x? + 4x —12=0. 
== Check your solution algebraically. 


SOLUTION 
x°+4x—-12=0 Write original equation. 
y= x°+4x— 12 Write related function. 


Use a graphing calculator to 
graph the function. 


From the graph, you can see 
that the x-intercepts appear to 
be x = 2 and x = —6. 


J CHECK You can check this by substitution. 


Check x = 2: Check x = —6: 

x* + 4x —-12=0 x? +4x—-12=0 
27+ 4(2)- 1220 (—6)* + 4(-6)- 122.0 
4+8-—12=0 36 + (-24) -— 12 =0 


9.4 Solving Quadratic Equations by Graphing 


GVO usine ouapratic MopeELs IN REAL LIFE 


ay PEXAMPLE 4 ) Comparing Two Quadratic Models 
ot Put 


A shot put champion performs an experiment for your math class. Assume that 
both times he releases the shot with the same initial speed but at different angles. 
The path of each put can be modeled by one of the equations below, where x 
represents the horizontal distance (in feet) and y represents the height (in feet). 


Initial angle of 35°: y = —0.010735x? + 0.700208x + 6 
Initial angle of 65°: = y = —0.040330x7 + 2.144507x + 6 


Which angle results in a farther throw? 


SOLUTION 


Begin by graphing both models in the same coordinate plane. Use only positive 
x-values because x represents the distance of the throw. 


PARABOLIC MOTION It can be shown that an angle of 45° produces the 
maximum distance if an object is propelled from ground level. An angle smaller 
than 45° is better when a shot is released above the ground. If a shot is released 


from 6 feet above the ground, a 43° angle produces a maximum distance of 
74.25 feet. 


Maximum Distance 


Height (ft) 


30 40 #50 
Distance (ft) 
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GUIDED PRACTICE 


Vocabulary Check J 1. Define the roots of a quadratic equation. 


Concept Check J 2. Write the steps for solving a quadratic equation using a graph. 
Match the quadratic equation with the graph of its related function. 
Aco =3 Bx? tx=4 C. -x* = -2x-1 
5. 


Skill Check / Solve the equation algebraically. Check the solution graphically. 
6. 3x7 = 12 7. 4x? = 16 8.5." = 125 
9. 3x7 = 27 10. 8x7 = 32 11. —2x” = —18 


Solve the equation graphically. Check the solutions algebraically. 


12. 3x7 = 48 13.27 -4=5 14. —x*7+7x-—10=0 
15. 2x2 + 6x = —4 16. 5x? + x—-6=0 17.x—x2 = —20 


PRACTICE ano APPLICATIONS 


ESTIMATING ROOTS For each quadratic equation, use the graph to 
Extra Practice estimate the roots of the equation. 
to help you master 18. —x* + 3x -2=0 19. x7 + 4x -—1=0 20. —3x7 — 2x +1=0 


skills is on p. 805. 


CHECKING GRAPHICALLY Solve the equation algebraically. Check the 


_ solutions graphically. 
HOMEWORK HELP 21. 2x” = 32 22. 4x* = 16 23. 4x7 = 100 


Example 1: Exs. 21-32 


Example 2: Exs. 18-20, 24. i. = 25. 1a = 36 26. 12 = 18 
33-44 3 4 2 
Example 3: Exs. 45-50 _ = 2_ = Dees oes 
Example &: Exs, 51-56 27.x°-11=14 28. x” — 13 = 36 29.x7-4= 12 
30. x7 - 53 =11 31. x7 + 37 = 118 32. 2x7 — 89 =9 


9.4 Solving Quadratic Equations by Graphing 


FOCUS ON 
APPLICATIONS 


ay" RECREATIONAL 


VEHICLES 
Motorized homes, travel and 
camping trailers, and truck 
campers are all considered 
recreational vehicles. 


GRAPHICAL REPRESENTATION Represent the solution graphically. Check 
the solution algebraically. 


33.17 —x =6 34. x7 + 2x =3 35. —x7 +x=-2 
36. —x? + 3x = —4 37. 2x° + 4x = 6 38. 3x7 + 3x =6 
39. x7 — 4x -5 =0 40. x7 —x = 12 41.x7 + 4x = 21 
42. 8x° —4 = 4x 43. —7x* — 21x = 14 44, —2x* — 4x = —30 


= APPROXIMATING SOLUTIONS Use a graphing calculator to approximate 
== the solution of the equation. 


45. x” —3x-4=0 46.x° + 6x -7=0 

47. 5x? + 5x-1=0 48. —8x — 24x + 32 =0 
49. 3x7 + 2x — 16 = 0 50. 2x7 + 15x + 40 = 0 

51. (-) SHOT PuT A shot put champion releases the shot at a 55° angle. 


== The path of the shot is modeled by the equation below where x represents 
the horizontal distance (in feet) and y represents the height (in feet). 


y = —0.021895x7 + 1.428148x + 6 


How far does the shot travel? Assume the initial speed is the same as in 
Example 4. Compare the results with the results in Example 4. 


52. % Swiss CHEESE The consumption 
of Swiss cheese in the United States 
from 1970 to 1996 can be modeled by 
P = —0.0027? + 0.056r + 0.889, 
where P is the number of pounds per 
person and ¢ is the number of years 
since 1970. According to the graph of 
the model, in what year would the 
consumption of Swiss cheese drop Years since 1970 
to 0? Is this a realistic prediction? 


Swiss Cheese 


i= 
o 
n 
= 
o 
Qa 
i 
o 
Qa 
” 
cs 
i= 
i] 
So 
Es 


> Source: U.S. Department of Agriculture 


% RV SALES In Exercises 53-56, use the following information. 

The number of recreational vehicles (RVs) sold in the United States from 1985 
to 1991 can be modeled by N = —9.5t* + 48.9t + 343.5, where N represents 
the number of vehicles sold (in thousands) and f represents the number of years 
since 1985. 


BNE 
on DATA UPDATE of Recreation Vehicle Industry Association data at www.mcdougallittell.com 


53. Sketch a graph of the model for positive values of x and y. 
54. Use the graph to estimate a positive root of the equation 
0 = —9.517 + 48.94 + 343.5. 


55. According to the model, in what year will the number of RVs sold in the 
United States drop to 0? 


56. Do you think this prediction is realistic? What factors might explain a 
decrease or an increase in the number of sales of recreational vehicles? 
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Od 
Test = 57. MULTIPLE CHOICE What are the x-intercepts of y = x” — 2x — 3? 


Preparation C® 1 and -3 —2and-3 C@)6and—-1 CB) 3 and -1 
58. IVIULTIPLE CHOICE Choose the equation whose roots are shown in the 
graph below. 
@ 5x7 -1=0 
Sx? ~5=0 
© x7-5=0 
® tx? -1=0 


%& Challenge &@ Sowvine Equations with A GRAPHING CALCULATOR The solution 
=3 ofa quadratic equation can be found by graphing each side separately 
and locating the points of intersection. You may wish to consult page 532 
for help in approximating solutions. 


59, 3x7 + 2x + 5 = 6x" 60. —Sx? + 4x = 2x7 - 8 
61. —2x7 + 5x = 8x7 -2 62. —x*7 - 2 = 4x7 + 6x -3 
www.mcdougallittell.com 63. 0.75x? + 2.67x = 6.22x7 — 4.1 64. —4.87x7 + 1.44x = 5.22x? + 6x 


MIxeD REVIEW 


SOLVING LINEAR SYSTEMS Solve the system of linear equations if 
possible. Does the system have exactly one solution, no solution, or 
infinitely many solutions? (Review 7.5) 


65. —2x + 8y=11 66. 4x + Sy = 37 67. —2x + 2y=4 
x+ 6y=2 —5x+ 3y =0 x-y=-2 
68. 8x + 4y = —4 69. 10x — 6y = —5 70. 4y = —5x — 3 

4x — y = —20 3y = 5x +2 15x + 12y=9 


EVALUATING EXPRESSIONS Evaluate the expression to the nearest 
hundredth. (Review 9.1 for 9.5) 


ae se 39.2 a 94, 3 wae} ai 2 ae 


SIMPLIFYING RADICAL EXPRESSIONS Simplify the radical expression. 


(Review 9.2) 
75. V40 76. 24 77. V60 78. V200 
79. 5V80 80. SN27 81. aV32 82. 2300 


83. % LUNCH TIME At lunch, you order 2 pasta dishes and 1 type of salad. 
Your friend orders 1 pasta dish and 2 types of salads. The restaurant charges 
the same price for each pasta dish and the same price for each salad. Your bill 
is $13.85 and your friend’s bill is $9.85. How much did each pasta dish and 
each salad cost? (Review 7.4) 


9.4 Solving Quadratic Equations by Graphing 


ACTIVITY 9.4 


Using Technology 


NE; 
Le 3 KEYSTROKE 
i] HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 9.4 


Approximating Solutions by Graphing 


You can use the root or zero feature of a graphing calculator to approximate 
the solutions, or roots, of a quadratic equation. 


> EXAMPLE 
Approximate the roots of 2x7 + 3x — 4 =0. 


> SOLUTION 
The four screens below show the steps in approximating the roots of an equation. 
@ Adjust the viewing window so 


you can see the graph cross the 
x-axis twice. Graph the function. 


1) Enter the related function 
y = 2x? + 3x — 4 into the 
graphing calculator. 


Y 1B2X2+3X-4 
Y2= 
Y3= 


WINDOW 
Xmin=-10 
Xmax=10 


Y A= Xscl=1 


Y5= 
Y6= 
Y7= 


Ymin=-10 
Ymax=10 
Yscl=1 


(3) Choose the Root or Zero 
feature. 


4.) Follow your graphing calculator’s 
procedure to find one root. 


CALCULATE 


3:minimum 


4:maximum 
5:intersect 


Zero 
6:dy/dx X=.85078106 Y=0 


> The approximate positive root is 0.85. Follow similar steps to find the negative 
ROO, — 235). 


> EXERCISES 


APPROXIMATING ROOTS Use a graphing calculator to approximate both 
roots of the quadratic equation to the nearest hundredth. 

1. 3x7 — 20x +5 =0 2. —4x7 + 6x +7=0 
3. -x7 + 5x-1=0 4. 6x? + 4x —5.1=0 


Sib as Se 6. 2.87x° — 9.43x — 4.53 =0 


4.8 =0 


i, SOS 42 Se = 1S Se $472. 8: — 165 —0 
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Solving Quadratic Equations 
by the Quadratic Formula 


GQ) usine tHe Quapratic FoRMuULA 


What. you ili a_i eee 


Use the quadratic In Lesson 9.1 you learned how to solve quadratic equations of the form 
formula to solve a quadratic ax’ + c = 0 by finding square roots. In this lesson you will learn how to 
pauaagl: use the quadratic formula to solve any quadratic equation. 

Use quadratic 
models for real-life situations, 
such as the hot-air balloon 
competition in Example 4. 


THE QUADRATIC FORMULA 


The solutions of the quadratic equation ax? + bx + c=Oare 


Why you should learn it =p VB ae . onan A 
x=—_95, ee wien an — 4ac= 0. 
YW To model real-life situa- 2a 
tions, such as the maximum You can read this formula as “x equals the opposite of b, plus or 
height of a baseball in minus the square root of b squared minus 4ac, all divided by 2a.” 


Ex. 84. Lee, 
EXAMPLE 1 ] Using the Quadratic Formula 


Solve x7 + 9x + 14 = 0. 


SOLUTION 
Use the quadratic formula. 
1x? + 9x + 14=0 Identify a = 1, b = 9, and c = 14. 
—9 + V9? — 4(1)(14) . : : 
x= 21) Substitute values in the quadratic formula. 
—9 + V81 — 56 foas 
a 5) Simplify. 
i= a Simplify. 
L= = Solutions 
2 
> The equation has two solutions: 
y= Re —2and x = a =—-7, 
WA Check these solutions in the original equation. 
Check x = —2: Check x = —7: 
x? + 9x + 14=0 x? + 9x +14=0 
(—2)? + 9(-2) + 142.0 (-7)? + 9-7) +1420 
0=0 0=0 


9.5 Solving Quadratic Equations by the Quadratic Formula 


_ T EXAMPLE 2 } Writing in Standard Form 
ANE, 


3 HOMEWORK 
4 hie Solve 2x? — 3x = 8. 

Visit our Web site 

www.mcedougallittell.com SOLUTION 

for extra examples. 2x* — 3x =8 Write original equation. 
2x? — 3x -8 =0 Rewrite equation in standard form. 
yo aN (—3)? — 4(2)(—8) Substitute values into the quadratic 

2(2) formula: a = 2, b= —3, c= —8. 

x= 3EV9 + 64 ae Simplify. 
x= 2a. Solutions 


> The equation has two solutions: 


x= 343 ~ 2.80 and x = 3= N73 


Z == —1,39, 


GEE) Finding the x-Intercepts of a Graph 


Find the x-intercepts of the graph of y = —x? — 2x + 5. 


SOLUTION 
The x-intercepts occur when y = 0. 
y= x? -2x +5 Write original equation. 
O=-x*?-2x4+5 Substitute 0 for y. 
x= =(=2) + V(-2)? = 4(- 6) Substitute values into the quadratic 
2(-1) formula: a= —1, b = —2, and c = 5. 
—_ 2+ V4 +4 20 See 
a Simplify. 
_2+V24 : 
x= Solutions 


> The two solutions, 


x= 24 V4 ~ —3.45 and 
x= 2a VA 1.45, 


_ ae are the x-intercepts of the graph of 
Study Tip 


Senge eee 
Note that the x-intercepts y . ial 


are x-coordinates of ; : 
points that arathe’sanie J Check your solution graphically. 


distance from the axis of You can see that the graph shows 
symmetry. the x-intercepts between —3 and —4 
and between | and 2. 
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FOCUS ON 
APPLICATIONS 


Je HOT-AIR 

bs BALLOONS 

The annual Albuquerque 
International Balloon Fiesta 


has several competitive 
events including the Field 


Target Event and Prize Grab. 


There is also a Special 
Shapes Rodeo and a night 
time Balloon Glow event. 
NED 

om APPLICATION LINK 
www.mcdougallittell.com 


QV) usine quapratic MopELs IN REAL LIFE 


PORE REE ERE EERE RHEE EE EEE EEE EEE EEE EEE EE EEE EEE EEE HEHEHE EEE EEE EE EEE EEE HEHEHE EEEE EEE HEHEHE EES 


In Lesson 9.1 you studied the model for the height of a falling object that is 
dropped. For an object that is thrown down or up, the model has an extra term to 
take into account, the initial velocity. Problems involving these two models are 
called vertical motion problems. 


VERTICAL MOTION MODELS 


OBJECT IS DROPPED: /h = -—16t? +5 
OBJECT IS THROWN: /h=—16t*+ vt+s 
h = height (feet) t = time in motion (seconds) 
s = initial height (feet) v= initial velocity (feet per second) 


In these models the coefficient of t? is one half the acceleration due to 
gravity. On the surface of Earth, this acceleration is approximately 32 feet 
per second per second. 


Remember that velocity v can be positive (for an object moving up), negative (for 
an object moving down), or zero (for an object that is not moving). Speed is the 
absolute value of velocity. 


T EXAMPLE 4) Modeling Vertical Motion 


BALLOON COMPETITION You are competing in the Field Target Event at a 
hot-air balloon festival. You throw a marker down from an altitude of 200 feet 
toward a target. When the marker leaves your hand, its speed is 30 feet per 
second. How long will it take the marker to hit the target? 


SOLUTION 


Because the marker is thrown down, the initial velocity is v = —30 feet per 
second. The initial height is s = 200 feet. The marker will hit the target when 
the height is 0. 


h=-16t7+vt+s Choose the vertical motion model 
for a thrown object. 
h = —16t? + (—30)t + 200 Substitute values for vand s 
into the vertical motion model. 
0 = —16t? — 30r + 200 Substitute 0 for 4. Write in standard form. 
—(—30) + V(—30)? — 4(—16)(200) Substitute values for a, b, and c 
a 2(—-16) into the quadratic formula. 
am Simplify. 
—32 
t ~ 2.72 or —4.60 Solutions 


> The weighted marker will hit the target about 2.72 seconds after it was thrown. 
As a solution, —4.60 doesn’t make sense in the problem. 


9.5 Solving Quadratic Equations by the Quadratic Formula 


GUIDED PRACTICE 


Vocabulary Check J 1. What formula can you use to solve any quadratic equation? 
Concept Check J 2. Explain how to use the quadratic formula to solve —2x? + 5x = —7. 
3. What is the difference between the two models for vertical motion? 
Skill Check / Use the quadratic formula to solve the equation. 
4.x? + 6x-7=0 5.x? —2x- 15=0 6. x? + 12x + 36=0 
7. 4x* — 8k +3 =0 8. 3x7 +x-1=0 9.x7+ 6 -—3=0 
Write in standard form. Use the quadratic formula to solve the equation. 
10. 2x7 = -x + 6 11. 6x = -8x? + 2 12. 3 = 3x7 + 8x 
13. —14x =-2x7 +36 014. -x7 + 4x =3 15. 4x7 + 4x = -1 
Find the x-intercepts of the graph of the equation. 
16. y=x7 — 11x + 24 17. y= x? + 10x + 16 18. y = 2x7 + 4x — 30 
19. y= 2x7 + 6x -—9 20. y = 5x7 + 8x -8 21. y = 4x7 + 8x - 1 


22. % FIELD TARGET EVENT From a hot-air balloon directly over a target, you 
throw a marker with an initial downward velocity of —40 feet per second from 
a height of 180 feet. How long does it take the marker to reach the target? 


PRACTICE anp APPLICATIONS 


COCO S EEE E ESSE EEE SESE EEE EEEEE EEE EEE EEE EEE EEE EE EEEE EEE SESE EEE SEES EEE SEES EEE EEE ESE SES EEEE EE EEE EEE EEEEEEEEEEEEEEEEEESEEEEEEEEE 


_ FINDING VALUES Find the value of b? — 4ac for the equation. 

Extra Practice 23. x? — 3x -4=0 24. 4x7 + 5x+1=0 25. x7 — 1lx + 30=0 
to help you master 
skills is on p. 805. 26. 5w* — 3w -2=0 27. s* — 13s + 42 =0 28. 3x7 — 5x —- 12 =0 


29, 5x7 + 5x+5=0 30. 5a” + 5a - 8 =0 31. iv? — 6y — 3 =0 


SOLVING EQUATIONS Use the quadratic formula to solve the equation. 

32. 4x? — 13x + 3 =0 33. y?7+ lly+10=0 34. 7x? + 8x +1=0 

35. -—3y?+2y+8=0 36.6n2?-10n+3=0  37.9x2+ 14x+3=0 
38.8m7+6m—-1=0 39.717 +2x-1=0 40. —6x* — 3x +2=0 


41, $6.13 = 0 ae 10? 9 FS ae 7 eS 0 


2 
[_ ea STANDARD FORM Write the quadratic equation in standard form. Solve 
HOMEWORK HELP using the quadratic formula. 
Example 1: Exs. 23-43 a 2 4 
Example 2: Exs. 44-52 44. 2x- = 4x + 30 45.2 —3x+x=0 46. 16 = —x*- + I1x 
Examples) Be soi 47. 5x — 1 = —6x? 48. 2q? — 6 = -4q 49. 5z — 227 + 15 =8 


Example 4: Exs. 71-80 
50. —1 + 3x? = 2x 51. —5c? + 9c = 4 52. —16b = —8b? — 8 


Chapter 9 Quadratic Equations and Functions 


FOCUS ON 
APPLICATIONS 


Je URBAN BIRDS 
Ss Cities provide a 
habitat for many species of 
wildlife including birds of 
prey such as Peregrine 
falcons and red-tailed 
hawks. 


FINDING INTERCEPTS Find the x-intercepts of the graph of the equation. 
53. y = 3x? — 6x — 24 5A. y = 2x7 — 6x —8 55, y = 2x? — 2x — 12 
56. y = —2x7 + 6x + 9 BRy=x7+x-4 58. y =x? +7x-—2 
59,.y=—-3x7-2e+1 GO.y=—4x7+8x-2 G61. y= —5x2+5x+5 


CHOOSING A NMIETHOD Solve the quadratic equation by finding square 
roots or by using the quadratic formula. Explain why you chose the method. 


62. 6x7 + 20x+5=0 63. m= 32 64. x” — 625 =0 
65. 4y* — 49 = 0 66. —2x7 + 6x+1=0 67.47 +18h+81=0 
68. 5x7 = 25 69. 9y? — 3y = 1 70. vy? = 8v+2 


®% FIELD TARGET EVENT In Exercises 71-76, six balloonists compete in the 
Field Target Event at a hot-air balloon festival. Calculate the amount of time 
it takes for the marker to hit the target when thrown down from the given 
initial height (in feet) with the given initial velocity (in feet per second). 


71. s = 200; v = —50 72. s = 150; v = —25 73. s = 100; v = —10 
74. s = 150; v = —33 75. s = 80; v = —40 76. 5 =50;v=0 


% VERTICAL MOTION In Exercises 77-80, use a vertical motion model to 
find how long it will take for the object to reach the ground. 


77. You drop keys from a window 30 feet above ground to your friend below. 
Your friend does not catch them. 


78. An acorn falls 45 feet from the top of a tree. 


79. A lacrosse player throws a ball upward from her playing stick with an initial 
height of 7 feet, at an initial speed of 90 feet per second. 


80. You throw a ball downward with an initial speed of 10 feet per second out of 
a window to a friend 20 feet below. Your friend does not catch the ball. 


81. ‘4 PEREGRINE FALCON A falcon 
dives toward a pigeon on the ground. 
When the falcon is at a height of 
100 feet the pigeon sees the falcon, 
which is diving at 220 feet per 
second. Estimate the time the pigeon 
has to escape. 


82. ( RED-TAILED HAWK A hawk 
dives toward a snake. When the hawk 
is at a height of 200 feet the snake 
sees the hawk, which is diving at 
105 feet per second. Estimate the 
time the snake has to escape. 


83. ‘§) BALD EAGLE An eagle dives 
toward a mouse. When the eagle is at a height of 125 feet the mouse sees the 
eagle, which is diving at 145 feet per second. Estimate the time the mouse 
has to escape. 


9.5 Solving Quadratic Equations by the Quadratic Formula 


OcD9 
Test és) 84. MULTI-STEP PROBLEM In parts (a)—(d), a batter hits a pitched baseball 
Prep aration when it is 3 feet off the ground. After it is hit, the height / (in feet) of the ball 
at time ¢ (in seconds) is modeled by 


h = —161? + 80t + 3 
where ¢ is the time (in seconds). 
a. Find the time when the ball hits the ground in the outfield. 


b. Write a quadratic equation that you can use to find the time when the 
baseball is at its maximum height of 103 feet. Solve the quadratic 
equation. 


. @ Use a graphing calculator to graph the function. Use the zoom feature 
== to approximate the time when the baseball is at its maximum height. 
Compare your results with those you obtained in part (b). 


d. CRITICAL THINKING What factors change the path of a baseball? What 
factors would contribute to hitting a home run? 


* Challenge 85. VISUAL THINKING Write an equation of the axis of 
symmetry of the graph and show that it lies halfway 
between the two x-intercepts. 


86. Whiting Explain how you can use this two-part 
form of the quadratic formula 


—b , Vb’ -Aac 


o> 2a 2a 
to find the distance between the axis of symmetry of 
www.mcdougallittell.com a parabola and either of its x-intercepts. 


MIXED REVIEW 


COCO SECT SEES EEE ESSE ESTES EEE EEE EEEEEEEESE SESE SESE EEEEESES SESE ESSE ESSE SEES ESSE ESTE SESESEESESEEEEEEEEEEEEEEEEEEEEEEEEESESES 


EVALUATING EXPRESSIONS Evaluate the expression. (Review 1.3 for 9.6) 

87. x” when x = —5 88. —y* when y = —1 

89. —4xy when x = —2 and y = —6 90. y? — y when y = —2 
INEQUALITIES Solve the inequality and graph the solution. (Review 6.3, 6.4) 
91.2<x<5 92.8 >2x>—-4 93. —12<2x-6<4 
94. -3< —-x<1 95. |x +5| =10 96. |2x +9| <15 


SKETCHING GRAPHS Sketch the graph of the function. Label the vertex. 
(Review 9.3) 


97. y = 6x7 — 4x -1 98. y = —3x* -—5x+3 99. y = —2x* -—3x+2 


100. y = 3x? + 2x — 1 101. y = 4x? — x +4 102. y = —5x? — 0.5x + 0.5 


103. % RECREATION There were 1.4 X 10’ people who visited Golden Gate 
Recreation Area in California in 1996. On average, how many people visited 
per day? per month? > Source: National Park Service (Review 8.4) 
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© ACTIVITY 9.5 


Using Technology 


NE, 
Le 3 KEYSTROKE 
ie] HELP 


Visit our Web site 
www.mcdougallittell.com 
to see keystrokes for 
programming several 
models of calculators. 


es Graphing Calculator Activity for use with Lesson 9.5 
Writing a Program 
for the Quadratic Formula 


A graphing calculator or a computer can be programmed to use the quadratic 
formula to solve a quadratic equation. Both graphing calculators and 
computers use step-by-step instructions to perform operations. 


> EXAMPLE 


Write a graphing calculator program to solve the equation 5x? — 5.5x + 1.5 = 0. 


> SOLUTION 


An algorithm is a step-by-step model. The algorithm below shows the steps 
needed when writing a program that uses the quadratic formula to solve a 
quadratic equation. 


@ Enter values for a, b, and c. 


PROGRAM: QUADFORM 
fprompt A,B,C 


Q Calculate the value of b* — 4ac. rif peo 
:Then 
@ If b* — 4ac < 0, display “No solution.” BOLDTI on™ 


:Pause 


4) If b? — 4ac = 0, proceed to the next step. 


—b + Vb? — 4ac 


2a 


5) Find the first solution: 


6 ) Display the first solution. 


eee 


2a 


@ Find the second solution: 


8) Display the second solution. QUADFORM 


Follow your graphing calculator’s procedure to enter a 
program. Run the program. The program produces the 
solutions 0.6 and 0.5. 


HEE ERIS 7 
SIO MUNeHOIN) TS) = = 


WA Check these solutions in the original equation. 


> EXERCISES 


QUADRATIC FORMULA Use your graphing calculator or a computer 
program to find the solutions of the quadratic equation. 


hee ase = 0 0) 2. 2x7 +x—-—21=0 
3.x°+4x+4=0 4.x*° — 6x + 10=0 

5. —3x? -— 6x —-4=0 6. x? — 3x +3 =0 

7. 0.25x? + 0.35x — 0.60 = 0 8. x? — 1.38x — 4.32 = 0 

9. x? + 8.51x + 13.716 = 0 10. 0,032x? + 0.712x —9 =0 


9.5 Technology Activity 


© ACTIVITY 9.6 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 

¢ graph paper 

¢ graphing calculator 
(optional) 


E Look Back 


For help with using a 
graphing calculator to 
graph equations, see 
p. 248. 


f 2 Group Activity for use with Lesson 9.6 
Investigating 
Applications of the Discriminant 


> QUESTION How can you determine the number of solutions of a 
quadratic equation? 


> EXPLORING THE CONCEPT 


In Lesson 9.4 you learned that the solutions of a quadratic equation 
ax? + bx + c= 0 are the x-intercepts of the graph of the related 
function y = ax? + bx+. 


@ Begin with the equation 
x* + 3x — 2 = 0. Graph the related 
function y = x* + 3x — 2. 


yee text el 


(2) How many x-intercepts does your 
graph have? 


3) How many solutions does the equation 
x? + 3x — 2 = Ohave? 


4) Repeat Steps 1-3 for each of the 
following equations. 


The graph has | | 
_ xcintercepts. — 


x? —6x+9=0 
+3 =0 


5) Compare the graphs you have drawn. 
How many intercepts did you find? 


> DRAWING CONCLUSIONS 


In Exercises 1-9, begin with the given quadratic equation. Follow Steps 1-3 
for each equation. 


1. 9x? — 24x + 16 =0 2. x? — 5x —4=0 3. 3x7 —x+2=0 


a po ee). 


hae oe = SS 9.x7+2x-1=0 


74, 8, 2 0) 5) 


10. Compare your results in Exercises 1—9 with those of others in your group. 
How are the graphs alike? How are they different? How many intercepts 
did you find? How are the parabolas positioned with respect to the x-axis? 


11. Each of the equations in Exercises 1-9 is in the form ax” + bx + c = 0. 
For each equation, calculate the value of b* — 4ac. Write the value next to 
the sketch of the related graph. 


12. CRITICAL THINKING Use your results of Exercises 1—11 to write a rule 
that relates the number of solutions of a quadratic equation to the value of 
b* — 4ac. 
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Applications of the 
Discriminant 


PGOAL 1) NUMBER OF SOLUTIONS OF A QUADRATIC 


_ What you ee I a... sncncnesnsusacacesenscsasecsessneazscoenesensnsneneossenenenssentscsssascenesenessossesesencoeneoses 


Use the In the quadratic formula, the expression inside the radical is the discriminant. 
discriminant to find the 
number of solutions of a _ —b + Vb? — 4dac <«—— Discriminant 
quadratic equation. ae 2a 

Apply the The discriminant b* — 4ac of a quadratic equation can be used to find the number 


discriminant to solve real-life of solutions of the quadratic equation. 
problems, such as financial 
analysis in Exs. 29 and 30. 


Why you should learn it 


V To model a real-life ; a ; ; 
situation, such as storing * If b? — 4ac is positive, then the equation has two solutions. 


your food while camping in ¢ If b? — 4ac is zero, then the equation has one solution. 


Example 4. Le, 


THE NUMBER OF SOLUTIONS OF A QUADRATIC EQUATION 


Consider the quadratic equation ax* + bx + c= 0. 


* If b* — 4ac is negative, then the equation has no real solution. 


GLEE Finding the Number of Solutions 


Find the value of the discriminant and use the value to tell if the equation has two 
solutions, one solution, or no solution. 


a.x’?— 3x—-4=0 b+ 22-1 =6 c2e > 2h 3=0 
SOLUTION 
a. b? — 4ac = (—3)? — 4(1)(-4) Substitute 1 for a, —3 for b, —4 for c. 
=9+ 16 Simplify. 
= 25 Discriminant is positive. 


> The discriminant is positive, so the equation has two solutions. 
b. b? — 4ac = (2)? — 4--1)(-1) Substitute —1 for a, 2 for b, —1 for c. 
=4-4 Simplify. 
=0 Discriminant is zero. 


> The discriminant is zero, so the equation has one solution. 


ce. b? — 4ac = (—2)? — 4(2)(3) Substitute 2 for a, —2 for b, 3 for c. 
= 4-24 Simplify. 
= —20 Discriminant is negative. 


> The discriminant is negative, so the equation has no real solution. 


9.6 Applications of the Discriminant 


The number of x-intercepts of the graph of y = ax? + bx + c is the same as the 
number of real solutions of the equation ax” + bx + c = 0. 


T EXAMPLE 2 } Finding the Number of x-Intercepts 


Use the related equation to find the number of x-intercepts of the graph of the 
function. 


a.y=x?+2x-2 b.y=x7+2x+1 ce y=x*7+2x4+3 


SOLUTION 
gk’ HOMEWORK HELP For each function, let y = 0. Then find the value of the discriminant. 


Visit our Web site a. b? — 4ac = 2? — 4(1)(—2) a=1,b=2,c= -2 
www.mcdougallittell.com 
for extra examples. =44+8 Simplify. 
= 12 Discriminant is positive. 


> The discriminant is positive, so the equation has two solutions and the 
graph has two x-intercepts. 


b. b? — 4ac = 27 — 4(1)(1) a=1,b=2,c=1 
=4-4 Simplify. 
=0 Discriminant is zero. 


> The discriminant is zero, so the equation has one solution and the graph 
has one x-intercept. 


ce. b? — 4ac = 27 — 4(1)(3) a=1,b=2,c=3 
4-12 Simplify. 


=-—8 Discriminant is negative. 


> The discriminant is negative, so the equation has no real solutions and the 
graph has no x-intercepts. 


GIVE) Changing the Value of c 


Sketch the graphs of the equations in Example 2 to check the number of 
| Look Back x-intercepts. What effect does changing the value of c have on the graph? 
For help with sketching 
a quadratic function, SOLUTION 
see p. 518. By changing the value of c, you can move the 


graph of y = x* + 2x + c up or down in the 
coordinate plane. 


If the graph is moved high enough, it will not 
have an x-intercept and the equation 
x? + 2x + c = 0 will have no real solution. 
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ONE, 
ip APPLICATION LINK 
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@2VO) usine te Discriminant IN REAL LIFE 


PORE RRR EERE EERE HEE EEE EEE EE EE HEHE EEE EEE EEE EEE EEE HEHE EEE EEE EE EEE EEE HEHEHE HEHEHE EEE EEE EEEEES 


EXAMPLE 4 } Using the Discriminant 


You and a friend are camping in Glacier National 
Park in Montana. You want to hang a food pack 
from a high tree branch in order to protect your 
food from bears. You attach a stick to a rope and 
your friend is preparing to throw it over a tree 
branch that is 20 feet from the ground. 


a. Your friend can throw the stick upward with 
an initial velocity of 29 feet per second from 
an initial height of 6 feet. Will the stick reach 
the branch when it is thrown? 


b. You can throw a stick upward with an initial 
velocity of 32 feet per second from the same 
initial height as your friend. Will the stick 
reach the branch when it is thrown? 


SOLUTION Not drawn to scale 
In both situations, you can use a vertical motion model h = —16t? + vt +s 
where /h is the height you are trying to reach, fis the time in motion, v is the 
initial velocity, and s is the initial height. 


Because the initial height for you and your friend is 6 feet, the vertical motion 
model is h = —16r? + vt + 6. After you substitute for the initial velocity, 
evaluating the discriminant will tell you whether the stick reaches the tree branch. 


a. Solve for an initial velocity v of 29. Use the discriminant to decide if the 
equation has a solution when h = 20. 


h=-16?+ t+ 6 Write vertical motion model. 


20 = —16r7 + 291 + 6 Substitute 20 for f and 29 for v. 
0 = —16r7 + 291 — 14 Rewrite in standard form. 


Evaluate b* — 4ac = 29 — 4(—16)(—14). The discriminant is —55. 


> Because the discriminant is negative, the equation has no solution. The 
stick thrown by your friend will not reach the branch. 


b. Solve for an initial velocity v of 32. Use the discriminant to decide if the 
equation has a solution when h = 20. 


h = -16 + vt+6 Write vertical motion model. 
20 = —16t? + 324+ 6 Substitute 20 for h and 32 for v. 
O = —16#? + 32¢ — 14 Rewrite in standard form. 
Evaluate b* — 4ac = 32? — 4(—16)(— 14). The discriminant is 128. 


> Because the discriminant is positive, the equation has two solutions. The 
stick that you throw will reach the branch. 


9.6 Applications of the Discriminant 


GUIDED PRACTICE 


Vocabulary Check J 1. Write the quadratic formula and circle the part that is the discriminant. 
Concept Check J 2. How can you use the discriminant to tell the number of solutions of 
ax? + bx + c = O and the number of x-intercepts of the graph of the 
equation? 


Skill Check 7 Find the discriminant for the equation. Then tell if the equation has two 
solutions, one solution, or no real solution. 


3. 3x7 - 2x +5=0 4. —3x7 + 6x -3 =0 5.x? —5x-10=0 


Match the discriminant with the graph. 


A. b* — 4ac = 2 B. b? — 4ac = 0 
6. 7. y 
xX 
PRACTICE aAnp APPLICATIONS 

USING THE DISCRIMINANT Tell if the equation has two solutions, one 
Extra Practice solution, or no real solution. 
to help you master 9.x? —3x+2=0 10. 2x7 —- 4x +3 =0 11. —3x7 + 5x -1=0 
skills is on p. 805. 

12, qx? +x4+4=0 13. 6x2 — 2x +4=0 14. 3x2 — 6x +3 =0 


NUMBER OF X-INTERCEPTS Use the related equation to find the number of 
x-intercepts the graph of the function has. Then match the function with its 
graph. 


15. y= 2x7 +4x+2 16. y = 3x7 — 5x+1 7.y=x7+2x+5 


_ ae INTERPRETING THE DISCRIMINANT Consider the equation 4x? + ox —3=0. 
HOMEWORK HELP 


Example 1: Exs. 9-14 18. Evaluate the discriminant. 


Example 2: Exs. 15-20 19. How many solutions does the equation have? 
Example 3: Exs. 21-23 oo I 2 
Example 4: Exs. 24-26 20. What does the discriminant tell you about the graph of y = ax + 3x — 3? 


Does the graph cross the x-axis? 
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FOCUS ON 
CAREERS 


Je FINANCIAL 
Ss ANALYSTS 
Mathematical models help 
financial analysts analyze 
and predict a company's 


future earnings. 


gANEX 
40 CAREER LINK 
www.mcdougallittell.com 


CHANGING C-VALUES In Exercises 21-23, find values of c so that the 
equation will have two solutions, one solution, and no real solution. Then 
sketch the graph of the equation for each value of c that you chose. 


21.x7+4x+c=0 22.x7 -2x+c=0 23. 2x7 +3x+c=0 


24. % FIREFIGHTING You see a firefighter aim a fire hose from 4 feet above 
the ground at a window that is 26 feet above the ground. The equation 
h = —0.01d? + 1.06d + 4 models the path of the water when h equals 
height in feet. Estimate, to the nearest whole number, the possible horizontal 
distances d (in feet) between the firefighter and the building. 


4 BASKETBALL In Exercises 25 and 26, use the vertical motion model 

h = —16t? + vt + s(p. 535) and the following information. 

You and a friend are playing basketball. You can jump with an initial velocity of 
12 feet per second. You need to jump 2.2 feet to dunk a basketball. Your friend 
can jump with an initial velocity of 14 feet per second. Your friend needs to jump 
3.4 feet to dunk a basketball. 


25. Can you dunk the ball? Can your friend? Justify your answers. 


26. Suppose you can jump with an initial velocity of 11.5 feet per second and 
your friend can jump with an initial velocity of 15.5 feet per second. How, 
if at all, would this change your answers to Exercise 25? 


™) GOVERNMENT PAYROLL In Exercises 27 and 28, use a graphing 

== calculator and the following information. 

For a recent 12-year period, the total government payroll (local, state, and 
federal) in the United States can be modeled by P = 261? + 1629t + 19,958, 
where P is the payroll in millions of dollars and ¢ is the number of years since 
the beginning of the 12-year period. > Source: U.S. Bureau of the Census 


27. Use the discriminant to show that the payroll will reach 80 billion dollars in 
the future according to the model. 


28. Use a graphing calculator to find out how many years it will take for the total 
payroll to reach 80 billion dollars according to the model. 


~) FINANCIAL ANALYSIS In Exercises 29 and 30, use a graphing calculator 
== and the following information. 
You are a financial analyst for 
a software company. You have 
been asked to project the net 
profit of your company. The 
net profit of the company from 
1993 to 1998 can be modeled 
by P = 6.849? — 3.76t + 9.29 
where P is the profit in millions 
of dollars and f represents the 
number of years since 1993. 


Software Company Profits 


~ 
(=) 
ory 


of dollars) 


Cae 
= 
(=) 
be 
a 


(millions 


nN 
Oo 
Oo 


Years since 1993 


29. Use the model to predict whether the net profit will reach 650 million dollars. 


30. Use a graphing calculator to estimate how many years it will take for 
the company’s net profit to reach 475 million dollars according to the model. 


9.6 Applications of the Discriminant 


ED2 

Test 6S) 31. MULTI-STEP PROBLEM You are ona 

Preparation team that is building a roller coaster. 
The vertical height of the first hill of 
the roller coaster is supposed to be 
220 feet. According to the design, the 
path of the first hill can be modeled by 
y = 0.039x? — 0.331x + 1.850, where y 
is the vertical height in feet and x is the 
horizontal distance in feet. The first hill 
can use only 75 feet of horizontal distance. 


a. Use the model to determine whether the 
first hill will reach a height of 220 feet. 


b. What minimum horizontal distance is 
needed for the first hill to reach a 
vertical height of 220 feet? 


c. Writing Can you build the first hill SSee BEES Se 
high enough? Explain your findings. ___ Horizontal distance (ft) _ 


Vertical 
_ distance (ft) 


d. CRITICAL THINKING Is the shape of 
the graph the same as the shape of 
the hill? Why or why not? 


* Challenge LOGICAL REASONING Consider the equation ax? + bx + c = 0 and use the 
quadratic formula to justify the statement. 


32. If b’ — 4ac is positive, then the equation has two solutions. 
33. If b’ — 4ac is zero, then the equation has one solution. 
www.mcdougallittell.com 34. If b’ — 4ac is negative, then the equation has no real solution. 


MIxeD REVIEW 


GRAPHING FUNCTIONS Graph the function. (Review 4.8) 
35. f(x) = —-x4+1 36. f(x) = —6x+ 1 37. f(x) = 3x -—9 
SOLVING INEQUALITIES Solve the inequality. (Review 6.1) 


36,2=-2 39. — = 15 40. —12.3x > 86.1 41. 11.2x < 134.4 


“als 


SKETCHING GRAPHS Sketch the graph of the inequality. (Review 6.5 for 9.7) 
42.3x+y>9 43. y — 4x <0 44.—-2x-—y=4 45.-y—-—3x=<6 


® Computer MODEMS In Exercises 46-48, use the following data which 
list the prices of several computer modems. (Review 6.6, 6.7) 


$230, $220, $170, $215, $190, $200, $200, $150, $170 
46. Use a stem-and-leaf plot to order the data from least to greatest. 
47. Make a box-and-whisker plot of the data. 


48. Use your results to describe the prices. 
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Qu IZ 2 Self-Test for Lessons 9.4-9.6 


SOLVING GRAPHICALLY Solve the equation graphically. Check the results 
algebraically. (Lesson 9.4) 


1.x? — 3x = 10 2. x2 — 12x = —36 3. 3x2 + 12x = —9 
USING THE FORMULA Use the quadratic formula to solve the equation. 
(Lesson 9.5) 

4.x° + 6x+9=0 5. 2x7 + 13x +6=0 6. —x’ + 6x + 16=0 


7. —2x7 + 7x -6=0 8 —3x27-5x+12=0 9 5x7 + 8x+3=0 
USING THE DISCRIMINANT Tell if the equation has two solutions, one 
solution, or no real solution. (Lesson 9.6) 

10. x7 — 15x + 56=0 11. x7 + 8x + 16=0 12. x7 - 3x +4=0 


13. % THROWING A BASEBALL Your friend is standing on a 45-foot balcony. 
He asks you to throw a baseball up to him. You throw the baseball with an 
initial upward velocity of 50 feet per second. Assuming that you released the 
baseball 6 feet above the ground, did it reach your friend? Explain. (Lesson 9.6) 


r : : Gp APPLICATION LINK 
r y - History of the Quadratic Formula www.medougallittell.com 


THEN OVER 3700 YEARS AGO, in Mesopotamia, math exercises using quadratic equations 
were written on cuneiform tablets. A cuneiform tablet contains the math exercise: 


A region consists of two nonoverlapping squares of total area 1000. The side of 
one square is two-thirds of the side of the other square, diminished by ten. What 
are the sides of the two squares? 
1. Use the equations x? + 2 = 1000 and y = ox — 10 to write a quadratic 
equation to find the length of a side x of the figure. 


2. Use the discriminant to find the number of solutions. How many reasonable 
solutions are there? 


3. Solve the quadratic equation. What are the lengths of both sides of the figure? 


TODAY, there are many modern applications of quadratic equations. NASA relies on 
aircraft that fly in a parabolic arc in which to train astronauts. 


: Astronaut Mary Cleave 
: trains in a low gravity 
y : environment. 


greene Cuneiform tablets 
record knowledge of 
quadratic equations. 


Altitude 


: Mathematician Niccolo Tartaglia 


a - Horizontal distance 
solves cubic equations. 


9.6 Applications of the Discriminant 


Graphing Quadratic 
Inequalities 


GYD craruine a Quapratic INEQUALITY 


What. you should LEAH | eu neendecescncaceneresesccnssenccesnnessonssesdvesncstossoscccesencuesessacoscsessneosestenssedensseses 


Sketch the graph In this lesson you will study the following types of quadratic inequalities. 
of a quadratic inequality. 


itsetauadrate y<ax?+bxte ysax?+bxt+e 
inequalities as real-life y>axrt+bxte y2axr+bxtec 
models, as in bridge building 
in Example 4. The graph of a quadratic inequality consists of the graph of all ordered pairs 


Why you should learn it 


(x, y) that are solutions of the inequality. 


WV To model a real-life 


situation such as the height EXAMPLE 1 } Checking Points 


of the two towers on the 
Golden Gate Bridge in 


Ex. 32. 


Sketch the graph of y = x” — 3x — 3. Plot and label the points A (3, 2), B (1, 4), 
Pic Lee, and C (4, —3). Tell whether each point lies inside or outside the parabola. 


SOLUTION 
@ Sketch the graph of y = x” — 3x — 3. 


@ Plot and label the points A(3, 2), B(, 4), 
and C(4, —3). 


A and B lie inside the parabola while 
C lies outside. 


Checking points helps you graph quadratic 
inequalities by telling you which region 

to shade. You can use the following 
guidelines to graph any quadratic inequality. 


SKETCHING THE GRAPH OF A QUADRATIC INEQUALITY 


STEP @ Sketch the graph of the equation y = ax? + bx + c that corresponds 
to the inequality. Sketch a dashed parabola for inequalities with 
< or > to show that the points on the parabola are not solutions. 
Sketch a solid parabola for inequalities with < or = to show that 
the points on the parabola are solutions. 


STEP © The parabola you drew separates the coordinate plane into two 
regions. Test a point that is not on the parabola to find whether it 
is a solution of the inequality. 


STEP © If the test point is a solution, shade its region. If not, shade the 
other region. 
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P EXAMPLE 2 | Graphing a Quadratic Inequality 


Sketch the graph of y < 2x? — 3x. 


SOLUTION 


STEP @ Sketch the equation y = 2x” — 3x that 
corresponds to the inequality y < 2x” — 3x. 
Use a dashed line since the inequality is <. 


The parabola opens up. 
[_ a STEP © Test a point that is not on the parabola, say 
Look Back (0, 2). 
For help with checking y< 2x? — 3x Write original inequality. 
ordered pairs as F 
solutions, see p. 360. 2 < 20)? — 3(0) Substitute 0 for x and 2 for y. 


20 2 is not less than 0. 


Because 2 is not less than 0, the ordered pair 
(0, 2) is not a solution. 


STEP © The point (0, 2) is not a solution and it 
is inside the parabola, so the graph of 
y < 2x” — 3x is all the points outside, 
but not on, the parabola. 


EXAMPLE 3 ] Graphing a Quadratic Inequality 


Sketch the graph of y = =x? — 5x44. 


SOLUTION 


STEP @ Sketch the equation y = —x* — 5x + 4 that 
corresponds to the inequality y = =x? — 5x4 4, 
Use a solid line since the inequality is =. The 
parabola opens down. 


STEP © Test a point that is not on the parabola, 
say (0, 0). 


ys —x? — 5x +4 Write original 
inequality. 


0< —(0)* — 5(0) + 4 Substitute 0 for x and y. 


0o=4 True. 


10 
Because 0 is less than or equal to 4, the ordered } Ay 
pair (0, 0) is a solution. 


STEP © The point (0, 0) is a solution and it is inside the 
parabola, so the graph of y = —x* — 5x + 4 
is all the points inside or on the parabola 
y= x? — 5x +4, 


9.7 Graphing Quadratic Inequalities 


GO usine uapratic INEQUALITIES IN REAL LIFE 


P EXAMPLE 4 ) Using a Quadratic Inequality Model 


FOCUS ON BRIDGE BUILDING The Akashi Kaikyo Bridge in Japan is the longest suspension 
APPLICATIONS 


bridge in the world. The shape of the main cable between the two main towers 
can be modeled by 


y = 0.000188x7 + 15 


where x is the distance (in meters) from the center of the bridge and y is the 
height (in meters) above the road. 


ay BRIDGE BUILDING 


The Akashi Kaikyo a. How high are the towers above the road? 
Bridge is part of a network of 
bridges built to connect all of b. Write a system of inequalities that describes the region under the main cable, 
Japan's four main islands. It above the roadbed, and between the main towers. Assume that the roadbed is 
connects the cities of Kobe modeled by y = 0. Graph the system. 
and Awaji. 
AgANE) 
in APPLICATION LINK SOLUTION 


www.mcdougallittell.com : . : 
a. The diagram shows that the distance between the two towers is 1990 meters. 


Because the vertex of the parabola is at the center of the bridge, the 
x-coordinates of the tops of the towers are +995. Substitute either value. 


y = 0.000188x7 + 15 Write quadratic equation. 
= 0.000188(995)? + 15 Substitute 995 for x. 
~ 201.12 Approximate with a calculator. 
> The towers are about 201 meters above the road. 


b. The parabola y = 0.000188x7 +15 opens up. To include the region below the 
parabola and the main cable, use the inequality =. 


Region below the cable: y = 0.00188x7 + 15 


Region between the towers: —995 =x = 995 


Region above the roadbed: y=0 


Tower 
» (995, 201) 


Tower | | 
(—995, 201) 


Roadbed  —800 —600 —400 200 400 600 800 1000 1200 “x 
| y-<0.000188x? + 15 
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GUIDED PRACTICE 


Vocabulary Check / 
Concept Check J 


Skill Check Y 


1. Give an example of each of the types of quadratic inequalities. 
2. Describe the steps used to sketch the graph of a quadratic inequality. 
3. Is (0, 3) inside or outside the graph of y = x7 + 3x + 2? 
Decide whether each labeled ordered pair is a solution of the inequality. 


4.y<—-x? B.y=x*-2 6. y < 2x7 + Sx 


Sketch the graph of the inequality. 
7.yS x" 8. y > —x7 +3 9.y <x? + 2x 
10. y =x" — 2x 11. y > —2x* + 5x 12. y<4x?-2x+1 


PRACTICE ano APPLICATIONS 


ig Extra Practice 


to help you master 
skills is on p. 805. 


& HOMEWORK HELP 


Example 1: Exs. 13-22 
Example 2: Exs. 17-31 
Example 3: Exs. 17-31 
Example 4: Exs. 32, 33 


SOLUTIONS Decide whether the ordered pair is a solution of the inequality. 
13. y = 2x? — x, (2, 6) 14. y < x2 + 9x, (-3, 10) 
15. y > 4x? — 7x, (2, —10) 16. y= x7 — 13x, (—1, 14) 


MATCHING INEQUALITIES In Exercises 17-22, match the graph with its 
inequality. 


A. y= —2x* — 2x +1 B. y > —2x7 + 4x +3 C.yS2x74+x41 
D. y= 4x7 — 6x +5 E. y<2x*-x-3 Fy > —4x7 + 6x —5 
18. 


21. 
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BNE; 
te 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 32-33. 


FOCUS ON 
APPLICATIONS 


ws 


lL, 5 DIAMONDS A 


carat is a unit of 
weight for precious stones. 
The price of a diamond is 
determined by its weight, 
cut, clarity, and degree of 
flawlessness. 


SKETCHING GRAPHS Sketch the graph of the inequality. 

23.y<—-x* +x 24. y=x*-3 25. y =x" — 5x 

26. y << —x*—3x-1 27.y<x7+x4+8 28. y= —-x7 + 3x+2 
29. y > —4x7 — 8x —4 30. y = —4x7 — 3x + 8 31. y= 2x7 + 5x +3 
S GOLDEN GATE BRIDGE Use the following information for Exercises 32 
and 33. 

The Golden Gate Bridge connects northern California to San Francisco. The 
vertical cables that are suspended from the main cable lie in the region given by 


0 < y < 0.000112x? + 5 where x is horizontal distance from the middle of the 
bridge (in feet) and y is vertical distance (in feet) above the road. 


32. How high are the towers above the road? 


33. Sketch a graph of the region between the towers and under the main cable. 


® DIAMONDS In Exercises 34-38, use the equations below which 
represent the sample price y (in hundreds of dollars) of diamonds of 
X carats with different grades of flawlessness. 


Flawlessness Equation 


y = 82.12x? + 119.13x — 48.15 


y = 38.88x? + 26.62x — 5.07 
y = 1.87x? + 14.83x — 2.3 


0 
005115 2+* 


34. Which of the three grades of diamond is the Carats 
least flawed? How do you know? 


35. Which of the three grades of diamond is the most flawed? How do you know? 


36. A two-carat diamond is selling for the wholesale price of $55,000. The 
diamond is described as having the highest quality. Describe the region in 
the graph that contains the point (2, 55,000). Is this the highest quality for 
a two-carat diamond? Explain. 


37. The wholesale price of a one-carat diamond is $12,000. Assume that the 
price fairly represents the flawlessness of the diamond. Which region 
contains the point (1, 12,000)? What grade of flawlessness is the diamond? 


A. y > 1.87x? + 14.83x — 2.3 B. y < 1.87x? + 14.83x — 2.3 


38. You see a j-carat diamond on display for a wholesale price of $4000. Next to 


it is a two-carat diamond for a wholesale price of $12,000. Is the more 
expensive one necessarily less flawed? 
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SED 
Test é=) 39. MULTIPLE CHOICE Which ordered pair is not a solution of the inequality 
. 2 
Preparation yet a 16> 107 


@ (0, —4) (-1,-l) ©, ~-13) @® (5, 15) 
40. MULTIPLE CHOICE Identify the graph of y < 3x” + 2x — 5. 


* Challenge ~ MILK CONSUMPTION In Exercises 41-43, use the following information. 
== The per capita consumption (pounds per person) of whole milk W and 
reduced fat milk R from 1980 to 1995 can be modeled by the equations below 
where f represents years since 1980. > Source: U.S. Department of Agriculture 


Whole milk: W = 0.0977 — 5.297 + 114.69 
Reduced fat: R = —0.23¢7 + 2.40 + 71.39 
41. Sketch a graph of each equation on the same coordinate plane. 


42. Shade the region where the per capita consumption of reduced fat milk was 
greater than that of whole milk. What inequalities represent this region? 


43. Find the points where the parabolas intersect. What does each of these points 
www.mcdougallittell.com represent? 


MIxeD REVIEW 


GRAPHING EQUATIONS Graph the equation. (Review 4.3, 9.3 for 9.8) 
44.y=x+4 45. 3x + 6y = —18 46. 2x — 4y = 24 
A4V.y=x?+x+2 48.y= -x7+4x+1 49. y = 3x7 — 2x + 6 


DIRECT VARIATION The variables x and y vary directly. Use the given 
values to write an equation that relates x and y. (Review 4.5) 


50. x = 6, y = 42 51.x = 54,y = —9 52.x=7,y=5 
63.x=-13,y=-52 B4x=3,y=3 66.246 od 


GRAPHING EXPONENTIAL EQUATIONS Sketch the graph of the exponential 
equation. (Review 8.5, 8.6) 


56. y = 2* 57. y = 0.5" BB. y = 5(2)" 
59. y = 0.9" 60. y = 4(1.5)* 61. y = 5(0.5)* 


SOLVING QUADRATIC EQUATIONS Use the quadratic formula to solve the 
equation. (Review 9.5) 


62. x7 —2x —3 =0 63. 2x7 — 6x +4=0 64. 2x7 — 2x - 12 =0 


65. 5x7 -3x+1=0 66.-7x2-25x+3=0 67.27 +4x-3=0 
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Comparing Linear, Exponential, 
and Quadratic Models 


€QV® cnoosine a Mover 
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This lesson will help you choose the type of model that best fits a collection of data. 


What. you should learn 
Choose a model 


that best fits a collection 
of data. 


S\§ Use models in 


real-life settings, such as the 
stretch of a spring in Ex. 20. 


Why you should learn it 


W To select the best model 
for real-life data, such as the 
increase in volume of the 
chambers of a nautilus in 


Example 2. 
Box 


CONCE 
THRE THREE BASIC MODELS 


LINEAR MODEL EXPONENTIAL MODEL QUADRATIC MODEL 


y=mx+b v= C=, y=ax*+bx+e 


GVHD Choosing a Model 


Name the type of model that best fits each data collection. 


a. ( 3,4), ( 2,3), 1,3), (0,3), (2), (2,3),@,D 


b. (—3, 4), (—2, 2), (-1, 1), (0,5), (1,4), (2,2), (3, is) 


Chambered Nautilus rece ( 2. 1), ( 1, +), (0, 1), (1, +), (2, ), (3, 4) 


SOLUTION 

Make scatter plots of the data. Then decide whether the points appear to lie on a 
line (linear model), an exponential curve (exponential model), or a parabola 
(quadratic model). 


a. Linear Model b. Exponential Model c. Quadratic Model 
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FOCUS ON 
APPLICATIONS 


4 CHAMBERED 
Ss NAUTILUS 

is a marine animal whose 
soft body is covered with a 
shell. The nautilus lives in 
the outermost chamber. 
Shown here is a cross 
section of the shell. 


L, Look Back 


For help writing an 
exponential growth 
model, see p. 477. 


@€2@ usine Mopets In REAL-LIFE SETTINGS 


GEWED Writing a Model 


NAUTILUS As achambered nautilus grows, its 
chambers get larger and larger. The relationship 
between the volume and consecutive chambers 

usually follows the same pattern. 


Chamber, n Volume (cm?), v 


The volumes v (in cubic centimeters) of 
nine consecutive chambers of a chambered 
nautilus are given in the table. The chambers 
are numbered from 0 to 8, with 0 being the 
first and smallest chamber. 


Decide which type of model best fits the data. 
Write a model. 


SOLUTION 


Draw a scatter plot of the data. You can see 
that the graph has a slight curve. 


Test whether an exponential model fits the 
data by finding the ratios of consecutive 
volumes of the chambers. 


Volume of Chamber 1 _ 0.837 _ 1.064 


Volume (cm?) 


Volume of Chamber 0 0.787 
Volume of Chamber 2 _ 0.889 1062 | 
Volume of Chamber 1 0.837 : | 
Volume of Chamber 3 _ 0.945 _ 1.063 


Volume of Chamber2 0.889 Chamber | 


The ratios show that each chamber’s volume is about 0.063, or 6.3%, larger than 
the volume of the chamber just before it. Assuming this pattern applies to all data 
points, it is appropriate to use an exponential growth model v = C(1 + r)”. 


The rate of growth r is 0.063 and the initial volume in chamber 0 is 0.787. 
/ CHECK Check values of n in the exponential model v = 0.787(1.063)”. 


v = 0.787(1.063)” v = 0.787(1.063)” 
v = 0.787(1.063)* v = 0.787(1.063)® 
vy = 0.945 vy = 1.283 


The exponential model v = 0.787(1.063)" fits the data. 


9.8 Comparing Linear, Exponential, and Quadratic Models 


T EXAMPLE 3} Writing a Model 


PENDULUMSs A simple pendulum can be constructed with a string hung from 

a fixed point and a weight attached at the other end. The time it takes for the 
pendulum to swing from one side to the other and all the way back again is called 
its period. The period t (in seconds) of the pendulum is related to its length d (in 
inches). The table gives values of t and d for several different pendulums. Decide 
which type of model best fits the data. Write a model. 


Period (sec), t Length (in.), d 


SOLUTION 

Draw a scatter plot for the data. From the SaRRERE REAR 
scatter plot, you can see that the pattern is not _ Length and Period of a Pendulum — 
linear. 

You can test whether an exponential model 


fits by finding the ratios of consecutive 
pendulum lengths. Since the lengths do not 


FOCUS ON ‘ ‘ 
APPLICATIONS increase by the same percent, an exponential 


model does not fit the data. 


» Length (in.) 


Test whether a quadratic model fits. Write 
the simple quadratic model d = at. To find 
a, substitute any known values of d and t. 


Oy os to] 1s 1 20: 
aa Write quadratic model. -)) ~~ Period (seconds) | 
9.78 = a(1?) Substitute 9.78 for d and 
1 fort. 
9.78 =a Solve for a. 
a= 9.7817 Substitute a in the equation. 
Ly ay PENDULUM J CHECK Check values of ¢ in the quadratic model d = 9.7817 
CLOCKS One of _ 2 _ 2 
the first clocks to use a d= 9.78t d = 9.781 
pendulum was invented by _ 2 _ 2 
thelDutchiphysicist d = 9.78(0.25) d = 9.78(2.0) 
astronomer, and d= 0.61 d = 39.12 
mathematician, Christiaan ; 5 
Huygens in the 1650s. > The quadratic model d = 9.78r* fits the data. 
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GUIDED PRACTICE 
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Vocabulary Check J 1. Name, sketch, and write an equation for each of the three types of algebraic 
models you have studied. 


Concept Check J 2. Describe the steps you would follow to decide which of the three basic 
models best fits a collection of data. 


Skill Check / Name the type of model suggested by the graph. 


Use the data: (0, 1), (1, 1.25), (2, 2), (3, 3.25), (4, 5), (5, 7.25). 
6. Draw a scatter plot of the data. 
7. Decide which type of model best fits the data. Explain your reasoning. 
8. Write a model that fits the data. 


PRACTICE ano APPLICATIONS 


CHOOSING MODELS Make a scatter plot of the data. Then name the type 
Extra Practice of model that best fits the data. 
AO HEP Outer 9. (—1, —6), (—3, 4), (2, 9), 2, —3), (0, —5), (1, 0) 


skills is on p. 805. 
10. (0, 3), (8, 3), (-4, —1), 4, 4), (6, —3), (10,1) 


11. (1, 3), (2.5, 16.5), (0.5, 1.5), (—2, 0.1), (, 1), (1.5, 5) 
12. (2-141, =23), 10 =3), 0. 5), = 1, 1S) 


13. (—3, 2), ( 2, 


14. (—2, 2), (- 1, 


B HOMEWORK HELP 


Example 1: Exs. 9-17 
Example 2: Exs. 18-20 
Example 3: Exs. 18-20 


9.8 Comparing Linear, Exponential, and Quadratic Models 


BNE; 
by 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 21 
and 22. 


18. CONNECTION The surface area S of a sphere with radius r is 
shown in the table. Write a model that best fits the data. 


19. “) Bopy MAss INDEX Body mass index is a measure of weight in 
relation to height. The table shows the body mass index B of a person who is 
152 centimeters tall and weighs w kilograms. Which type of model best fits 


the data? Write a model. 


‘wignsw [4540 [4994 [5448 [59.02 [63.56 | 68.10 | 72.64 | 


> Source: Reuters Health Information 


20. Eels CONNECTION Different masses M (in kilograms) are hung from a 
spring. The distances d (in centimeters) that the spring stretches are shown in 
the table. Test different models to see which type of model best fits the data. 
Write a model that accurately represents the data. 


= == = = 
=— = —_—— 
=— — — 
= = — 
= ar 
= =5.2cm = 
1 kgi = =)" 
2kg| > 


52 


NHL ATTENDANCE In Exercises 21 and 22, use the following information. 
The regular season attendance A (in thousands) of National Hockey League 
games during a recent five-year period can be modeled by 


A = 341.931? — 583.61t + 12,580.66 


where f is the number of years since the beginning of the five-year period. 


NED 
on DATA UPDATE of National Hockey League data at www.mcdougallittell.com 


21. Copy and complete the table. 


Year gas as Change in A from 


previous year 


Po [sme | 


22. Describe the pattern in the change of attendance. 
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Hockey Attendance 


Attendance (thousands) 


Test 62> 


Preparation 


* Challenge 


www.mcdougallittell.com 


EXTENSION: ABSOLUTE-VALUE EQUATIONS 

In Exercises 23-26, use the V-shaped graph. It is 
the graph of an absolute-value equation of the 
form y= a|x—b| +c. 


23. Write an equation of the line passing through 
the points A and B. What is its slope? 


24. Write an equation of the line passing through 
the points D and E. What is its slope? 


25. The intersection of the two lines in Exercises 
23 and 24 is the vertex of the graph. Find the intersection of the two lines. 


26. Find values of a, b, and c such that the equation of the graph is of the form 
y=a | x—b | + c, where a is the slope of the line to the right of the vertex 
and (b, c) is the vertex. 


27. MULTIPLE CHOICE The graph 
shows the number of NCAA men’s 
college basketball teams during a 
recent ten-year period, where ¢ is the 
number of years since the beginning 
of the period. Which type of model 
best fits the data? 


> Source: National College Athletic Association 
CD Exponential Quadratic 
© Linear @> None 


28. MULTIPLE CHOICE In 1970 the population A of Arizona was 1,775,000. 
Since then, the average annual percent of increase has been about 3.41%. 
Which model best fits the situation where ft is the number of years since 1970? 


> Source: U.S. Bureau of the Census 
CD A = 3.41t + 1,775,000 A = 60,527.5t + 1,775,000 
& A = 1,835,527.50? @® A = 1,775,000(1.0341)! 


fore) 
foe] 
o< 


fo) 
= 
i) 


Number of teams 
co 
oO 
Oo 


~~ 
for) 
Oo 


29. WIULTIPLE CHOICE The area of an ellipse whose semi-minor and semi-major 
axes are rand r + | respectively is given below. Which model best fits the data? 


@®A=a7r+2 @MA=a(r+1) OAH=aA1 +r! MA=r+mrt+2 


™) CHOOSING A MODEL Use a graphing calculator to graph the points. 
== Which type of model best fits the data? 


30. ( 3,4), ( 2, I. i); (0,3),0,2, (2,3), @, 1) 


31. (-3, 4), (-2, 2), 1, I), (0,5).(44), (2,3)> (3, is) 
a2. (-3,4), (-2,2), (-1,3),@.0, (1.9), (24),6.4) 


9.8 Comparing Linear, Exponential, and Quadratic Models 


MiIxeD REVIEW 
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FINDING TERMS List the terms of the expression. (Review 2.3) 


33. —3 +x 34.a—5 35. —5 — 8x 36. —-4r+s5—1 
SIMPLIFYING EXPRESSIONS Simplify the variable expression. 

(Review 2.5 for 10.1) 

37. —(—S)(y)(-y) 38. (—3)°(a)(x) 39. (—2)(-r)(-r)(-r) 
40. (—n)(—n)(—4) 41. —(y) 42, (—1)(—x)* 


SOLVING EQUATIONS Solve the equation. Round the result to two decimal 
places. (Review 3.6) 


43. 15.67x + 23.61 = 1.56 + 45.8x 44. 17.87 — 2.87x = 1.87 — 4.92x 
45. 6.35x — 9.94 = 3.88 + 40.34x 46. 5.6(1.2 + 1.9x) = 20.4x + 6.8 


WRITING EQUATIONS Write an equation of the line that passes through the 
two points. (Review 5.3) 


47. (3, —2), (5, 4) 48. (—3,.—9), (3,7) 49. (2, 3), (—4, 6) 


Quiz 3 Self-Test for Lessons 9.7 and 9.8 


Decide whether the ordered pair is a solution of the inequality. (Lesson 9.7) 
1. y = 2x* — x + 9, (2, 10) 2. y > 4x? — 64x + 115, (12, —60) 
3.y <x? + 6x + 12, (-1, 6) 4.y<x’— 7x +9, (-1, 16) 


Match the inequality with its graph. (Lesson 9.7) 


B.y > —x? + 12x-1 6. yS2x7 +x+6 7. y= 3x7 + 9x-1 
Graph the equation. Name the model it represents. (Lesson 9.8) 
8. y = 3x —-6 9. y = 0.5(1.4)" 10. y = 2x7 + 8x -4 


Make a scatter plot of the data. Then name the type of model that best fits 
the data and write a model. (Lesson 9.8) 


11. (8.5, 20); 8,19), (—2; 7);(0,3), (1, 1), (6, =9);, (7.5, — 12), 10, =17) 
12, 3,1,5), C15,2.7),4-05, 4, 3), 0475). B..17) 


13. 3.3;15,0), 2.1, 11-7), 01.0, 6.8),.10, 2.9), (—1.1;, =09) 
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Chapter Summary 


WHAT did you learn? Why did you learn it? 


Find solutions using a quadratic model for mineral 
hardness. (p. 509) 


Solve a quadratic equation. 
¢ by finding square roots (9.1) 


Evaluate and approximate square roots. (9.1) 


Estimate the time for an object to fall. (p. 506) 


¢ by sketching its graph (9.4) Compare shot-put throws. (p. 528) 

¢ by using the quadratic formula. (9.5) ~ Model vertical motion problems. (p. 535) 
Simplify radicals. (9.2) Compare the speeds of two sailboats. (p. 513) 
Sketch the graph of a quadratic function. (9.3) Estimate the maximum height of a water spray. 

(p. 522) 

Find the number of solutions of a quadratic _ Decide whether an outcome is possible in a 
equation by using the discriminant. (9.6) camping situation. (p. 543) 
Sketch the graph of a quadratic inequality. (9.7) _ Sketch the region between the towers and under the 


main cable of a suspension bridge. (p. 550) 


Choose an algebraic model that best fits a _ Recognize the characteristics of different models in 


collection of data. (9.8) real-life settings. (pp. 555 and 556) 


How does Chapter 9 fit into the BIGGER PICTURE of algebra? 


A quadratic equation contains the square of a variable. Try to remember the 
“algebra-geometry” connection between equations in one and two variables. For 
instance, the equation x? — 9 = Ohas two solutions, or roots, which correspond 
to the two x-intercepts of the graph of the function y = x” — 9. A quadratic 
function has a U-shaped graph called a parabola. 

This chapter focuses on quadratic models, which have many applications, such as 
vertical motion and parabolic path problems. The last lesson helps you decide 
whether to apply a linear, an exponential, or a quadratic model to fit a collection 
of real-life data. 


STUDY STRATEGY 


How did explaining 
ideas help you to 
understand a topic? 
Talking with a classmate about 
Lesson 9.4 may have led you to 


think about ideas that you would 
understand fully in Lesson 9.6. 


Talking about x-intercepts following Lesson 9.4. 


“Let’s see what the gra 
ph of y = x? looks like. | 
only one x-intercept. When I solve x2 = 0. | ae = 
: = V0 =0. Ithas only one solution, too!” 
If a quadratic function has a graph with no 


x-intercepts, then | don’t think th i 
: ’ é@ equati 
will have any solutions either.” oe 


* square root, p. 503 ¢ radical expression, p. 504 ¢ quadratic function in ¢ quadratic formula, p. 533 


* positive square root, p. 503 ° quadratic equation in standard form, p. 518 ° discriminant, p. 541 
* negative square root, p. 503 standard form, p. 505 * parabola, p. 518 * quadratic inequalities, p. 548 
* radicand, p. 503 * leading coefficient, p. 505 ° vertex, p. 518 * graph of a quadratic 
* perfect square, p. 504 ° simplest form of a radical ° axis of symmetry, p. 518 inequality, p. 548 
* irrational number, p. 504 Sapassion pale * roots, p. 526 
1 SOLVING QUADRATIC EQUATIONS BY FINDING SQUARE ROOTS ‘pp. 303-506 
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GEL To find the real solutions of a quadratic equation of the form 
ax” + c = 0, isolate x” and then find the square root of each side. 


2x? — 98 = 0 Write original equation. 
2x = 98 Add 98 to each side. 
x = 49 Divide each side by 2. 


x= +V49 Find square roots. 


x= +7 49 is a perfect square. 


Solve the equation. 


1.x7-— 144=0 2. 8y* = 968 3.417 +19 = 19 
4. 16y2 — 80 = 0 5. aa = 5 6.4r7-7=-4 


Examples on 
2 SIMPLIFYING RADICALS pp. 511-513 


ARR R eRe eRe RRR E ERE R EEE EEE HEHEHE EE EEE HEHEHE HEHE EEE EE EEE HEHEHE EEEEEEEEEEEEEEEEEEEEEEEEEE EEE HEHEHE EEEEEEEEEEEEEEE EEE EEE EEEEEEE EEE HEE EE EEE 


Gui Use the product property and the quotient property. 


a. V28 = V4°7 Factor using perfect square factor. 
a V4 : VT = w7 Use product property and simplify. 

169 _ V169 _ 13 : peer 
b. os = V5 = 95 Use quotient property and simplify. 


Simplify the expression. 


V45 V441 [36 [22 
7. V45 8. 441 9. EA 10. [55 
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Examph 
_ GRAPHING QUADRATIC FUNCTIONS pp. 518-520 
@SCUTITD To sketch the graph of y = x? — 4x — 3, first find 
the x-coordinate of the vertex: —2 = ——4 = 2, Make a table of 
2a 2(1) 


values using x-values to the left and right of x = 2. Plot the points 
and connect them to form a parabola. 


Sketch the graph of the function. Label the vertex. 
Wy =x? —x—5 12. y= —x?—3x+2 13. y = —4x? + 6x + 3 


Examples on 


mn SOLVING QUADRATIC EQUATIONS BY GRAPHING pp. 526-528 


G@SLVTTD To solve the quadratic equation —x* + 3x = 2 by 

graphing, first rewrite the equation in the form ax? + bx + c = 0. 
=45 7 oe 2 

Sketch the graph of the related function y = —x* + 3x — 2. 


> From the graph, the x-intercepts appear to be x = | and x = 2. 
Check these in the original equation. 


Solve the equation by graphing. Check the solution algebraically. 


14. x2 +2 = 3x 15. x2 — 2x = 15 16. 5x? e53=-8 47-42 oes 24 
Examples on 
moo SOLVING QUADRATIC EQUATIONS BY THE QUADRATIC FORMULA pp. 533-535 


C.\\") 8399 Solve equations of the form ax’? + bx +c=0 by substituting the 
values of a, b, and c into the quadratic formula. Solve x? + 6x — 16=0. 


_ 6+ V6" — 4(1)(-16) _ -6 + V36+64 _ -6+V100 _ -6 +10 
2 


x 2(1) 2 a) 
> The equation has two solutions: x = at = 2andx = eee = —-8. 
Use the quadratic formula to solve the equation. 
18. 3x7 — 4x +1 =0 19. —2x7 +x +6=0 20. 10x? — 1lx +3 =0 


Chapter Review 


Examples on 
Dy APPLICATIONS OF THE DISCRIMINANT pp. 541-543 


TREE RR eRe REE EEE EEE EERE EEE EEE EEE EERE EEE HEHEHE EEE EEE EE EEE SHEE HEHE EEEEE HEHEHE EEEEE EEE EEEEEEEEEEEEEEEEEE EEE EE EEE EEE EEE HEHE EEE EEE HEHEHE EEE 


D0\\" | 28359 Use the discriminant, b= 4ac, to find the number of solutions of a 
quadratic equation ax* + bx + c = 0. 


EQUATION DISCRIMINANT NUMBER OF SOLUTIONS 
3x7 + 6x +2 =0 6* — 4(3)(2) = 12 2 
2x7 + 8x + 8 =0 8* — 4(2)(8) = 0 1 
x? +7x+15=0 7 — 4(1)(15) = -11 0 


Tell if the equation has two solutions, one solution, or no real solution. 


21. 3x7 — 12x + 12=0 22. 2x7 + 10x +6=0 23. —x7 ++ 3x-—5=0 


E I] 
97 GRAPHING QUADRATIC INEQUALITIES pp. 548-550 
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. EXAMPLE To sketch the graph of the quadratic inequality 


y <x’ — 9, first sketch the graph of the parabola y = x* — 9. 
Use a dashed parabola for inequalities with > or <, and a solid 
parabola for inequalities with = or S. 


Then test a point that is not on the parabola, say (0, 0). If the test point 
is a solution, shade its region. If not, shade the other region. 


Sketch the graph of the inequality. 


24.x°-32y 25. —x* -2x+3<y 26. 5x7 + 3x-4<y 


E I 
Ns comparine Linear, EXPONENTIAL, AND QUADRATIC MODELS pp. 554-556 


To choose the type of model that best fits a set 
of data, first make a scatter plot of the data. Then decide 


whether the points lie on a line, an exponential curve, or a 
parabola. 


The points in the graph appear to lie on an exponential curve. 
An exponential model could be used to model the set of data. 


Make a scatter plot and name the type of model that best fits the data. 
27. (=3,4);(- 2, DAH 1, O00, 2, 9) 3, 16) 
28: (—3, 7) (2, - OA 1s 1). 0, 2), (5), 2, 8), G1) 


29. ( 3,4) ( >, t)( 1,4), 1), (1, 2), (2, 4), (G, 8) 


Chapter 9 Quadratic Equations and Functions 


Chapter Test 


Simplify the expression. 


1.—-V9 2. V0.0064 3. +V121 4. V8? — 4(2)(8) 
[27 10V8 
5. V192 6. V5 - V30 Tong 8. ae 
Solve the equation by finding square roots or using the quadratic formula. 
9. 8x7 = 800 10. 4x7 + 11 = 12 11. 2x7 + 5x —-7=0 
12. —2x7 + 4x +6=0 13. 64x7 —5 =11 14. 10x? + 17x — 11 =0 


Match the equation or inequality with its graph. 


15. y=x7— 2x43 17.y=x7+4x—-5 18. y= —x* —2x-1 


Decide how many solutions the equation has. Check the results by graphing. 
19. 5x” — 20x — 60 = 0 20. —3x7 + 4x -2=0 21.x°-—4x+4=0 


Sketch the graph of the equation or the inequality. 


22. y= 4x7 + 2x3 23. y= —x* + 5x -6 24.y<x7+7x+6 25. y= —4x7 + 2x +3 


Name the type of model suggested by the graph. 


27. y 


‘Ay VERTICAL MOTION In Exercises 29-31, you are standing on a bridge 
over a creek, holding a stone 20 feet above the water. 


29. You release the stone. How long will it take the stone to hit the water? 


30. You take another stone and toss it straight up with an initial velocity of 
30 feet per second. How long will it take the stone to hit the water? 


31. If you throw a stone straight up into the air with an initial velocity of 
50 feet per second, could the stone reach a height of 60 feet above 
the water? 


Chapter Test 


1. MULTIPLE CHOICE Which one of the following is 
not a quadratic equation? 


@ x7-4=0 
& -9+2*=0 
EB —-24+ 9x +27 =0 


CB x* + 10x + 21=0 
@® —7x+ 12=0 


2. MULTIPLE CHOICE Which one of the following is 


a solution of the equation o1 —7=17? 


BD —6 Bw -4 © 4 
@ VI5 E> V24 


3. MULTIPLE CHOICE You drop a rock from a 
bridge 320 feet above a river. How long will it 
take the rock to hit the river? 


CD 2.5 sec 3.5 sec 
@) 4.5 sec CE} 5.5 sec 


4. MULTIPLE CHOICE The surface area S of a cube 
is 150 square feet. What is the length (in feet) of 
each edge of the cube? (s = 6s 2) 


CG) +5 

5V6 

@& 5 

@> 25 

CE None of these 


Cf 3.8 sec 


5. MULTIPLE CHOICE Find the area of the rectangle. 


A 20V3 


sie Vi12 
© 60 
12V5 — 
o V20 
CE 4V15 
6. MULTIPLE CHOICE What is the value of x when 
3x* — 78 = 114? 
@ +2V3 +4V3 © +6 
@ +8  +2V29 
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Chapter Standardized Test 


p>) TEST-TAKING STRATEGY Before you give up on a question, try to eliminate some 
of your choices so you can make an educated guess. 


QUANTITATIVE COMPARISON In Questions 7 
and 8, perform the indicated operation and 
simplify the result. Then choose the statement 
below that is true about the given numbers. 


CAD The number in column A is greater. 

The number in column B is greater. 

C&) The two numbers are equal. 

©) The relationship cannot be determined from 


the given information. 


Column A Column B 


.| V24-V6 | V25 -V5 
V27V3. V30V6 
vo V12 
9. MIULTIPLE CHOICE What is the x-coordinate 
of the vertex for the graph of the equation 


y= gx - x + 8 

@ —2 @®-! 
1 

D5 ©! 


10. MIULTIPLE CHOICE What are the x-intercepts of 
the graph of y = —x? — 6x + 40? 


) 4 and 10 —7 and | 
Cf —10and 4 @® —8 and 2 
Cc —11 and5 


11. MULTIPLE CHOICE Which one of the following is 
a solution of —3x? + 22x + 93 = 0? 


ED -7 ®3 @ 
BD -3 er 


12. MULTIPLE CHOICE Which one of the following is 
a solution of 4x? — 17x + 13 = 0? 


® -1 Qs 
©! 


13. MULTIPLE CHOICE What is the discriminant of the equation —7x* — 2x + 5 = 0? 
) 12 144 & —12 @® 136 eS 1 
14. MIULTIPLE CHOICE Which of the following inequalities is represented by the graph? 
B® y > —4x? + 8x — 5 
y <4x7 + 8x —5 
&® y> 4x7 + 8x -5 
@® y= —4x7 + 8x — 5 
E y < —4x7 + 8x — 5 
15. IULTIPLE CHOICE Name the type of model suggested by the graph. 
CD Quadratic 
Exponential decay 
C Exponential growth 
@® Linear 
CE None of these 
16. MIULTI-STEP PROBLEM Use the data in the table below. 


a. Make a scatter plot of the data. 
b. Name the type of model that best fits the data. 
c. Write a model that best fits the data. 


17. MULTI-STEP PROBLEM A bird flying above the edge of a cliff sees 
a fish several meters below the surface of the water in a lake bounded 
by the cliff. The bird makes a dive to catch the fish. The path of the dive 
follows a parabolic curve given by the function y = x? — 12x + 32. 
At the right is a graph of this function. Imagine that the x-axis runs along 
the surface of the lake and that the y-axis runs along the edge of the cliff. 


a. How far from the side of the cliff is the fish if it is at the vertex of 
the curve? 


b. How far below the surface of the water does the bird have 
to dive to catch the fish? 


c. How far from the side of the cliff will the bird enter and exit 
the water (x-intercepts)? 


d. Approximate the height of the cliff (y-intercept). 


e. Writing If the bird enters the water 4 meters from the side 
of the cliff and exits it 8 meters from the cliff, write an inequality 
to represent the region in which the fish can swim safely. 


Not drawn to scale 
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Find the probability of choosing a green marble from a bag of green and 
yellow marbles. Then find the odds of choosing a green marble. (2.8) 


4. Number of green marbles: 30 5. Number of green marbles: 16 
Total number of marbles: 84 Total number of marbles: 72 


In Exercises 6 and 7, the two triangles are similar. Write an equation and 
solve it to find the length of the side marked x. (3.2) 


6. 7. 35 in. 
XxX 
‘sk _ Nae 


8 it 15 in: 


16 ft 


Find the value of y so that the line passing through the two points has the 
given slope. (4.4) 


8. (2, y), (11, 8),m = 9. (7,3), (6,y),m=—1 10. (5, —10), (8, y),m =4 


11. (5, y), (5, 7), m = —5 12. (0, -12), B,y),m=5 13. (—4, y), (3, -8), m = —2 


Write the equation in standard form with integer coefficients. (5.6) 

14. 3x —5y +6=0 15. 6y = 2x +4 16. —2x+ 7y-15=0 

Find the first, second, and third quartiles of the data. (6.7) 

17. 8,5, 7,5, 6, 9, 8,5, 7 18. 10, 12, 7, 30, 25, 8,6, 10,5,8 19. 4,4, 8, 2, 10, 8,4, 6, 2, 10, 4 


Solve the linear system. (7.1-7.4) 


20.x+y=8 21.4x-y=7 22. —2x + 20y = 10 
2x + y= 10 x+4y=0 x-5y=-5 

23. 3.2x + lly = -193 24, tax — Sy = -1 25. 14x + 2.1y = 1.75 
~32x + 4y = 148 “10x + 3y =2 2.8x — 4.2y = 34.58 

Sketch the graph of the system of linear inequalities. (7.6) 

26. x =0 27.x>2 28. 3x + Sy = 15 29. tx + y <2 
y=0 x-ys2 x—2y< 10 —4x + y= -4 
a: jut y<3 x>1 Ix +y=-4 
Ysa 
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Simplify the expression. (8.1-8.3) 


7 8 _9,3\2 
30. (+) 31. 5 32, 33. (= 
Xx Xx (2x) Axy 
4,4 2.3 
wl eage ele 3)2(1 3\2 2.45)0( -442)3 6x"'y" | 5x*y 
34, 5x (x x ) 35. (6a ) (42 ) 36. (r St ) (s t ) 37. Bay ay? 


Evaluate the expression. Write the result in scientific notation and in 
decimal form. (8.4) 


38. (5 x 10-7) «(3 x 104) 39. (6 x 107) + (7 x 107°) 40. (20 x 10-4) + (2.5 x 1078) 
41. (7 x 103) 42. (8.8 x 10-')+(11 x 107!) 43. (2.8 x 10°?) 
Match the graph with its description. (8.5) 
A. Deposit: $300, B. Deposit: $300, C. Deposit: $250, D. Deposit: $250, 

Annual rate: 2.5% Annual rate: 4% Annual rate: 2% Annual rate: 4.5% 
44. 45.0 46. ACO ST TT 
Simplify the expression. (9.2) 
48. V48 ag, /28 50. £84 1. 

36 4 49 
VIS —2V98 33 + V75 
52. V12 + V63 53. V9 - 54. 55. 
V54 V7 VIL 

Sketch the graph of the function or the inequality. (9.3 and 9.7) 
56. y = —3x2 + 12x —7 57. y = 5x2 + 20x + 13 BB. y <x? + Ar + 1 
Use the quadratic formula to solve the equation. (9.5) 
59. x7 + 10x +9 =0 60. —x? + 5x-6=0 61. 3x° + 8x —5=0 

a Re - ae 3 2 a 
62. —2x° + 5x + 12 =0 63. aX + 3x—-7=0 64. 7x" + 12x —-2=0 
65. ‘} COMPOUND INTEREST Your savings account earns 4.8% interest, 

compounded annually. Another bank in town is offering 5.1% interest, 

compounded annually. The balance in your account is $567. How much 

additional interest could you earn in 5 years by moving your account to 

the bank with the 5.1% interest? in 10 years? (8.5) 
®) SENDING UP FLARES In Exercises 69 and 70, a flare is fired straight 
up from ground level with an initial velocity of 100 feet per second. (9.5) 
66. How long will it take the flare to reach an altitude of 150 feet? 
67. Will the flare reach an altitude of 180 feet? Explain. 

26 — x 

68. CONNECTION Is it possible for a rectangle with a perimeter of 

52 centimeters to have an area of 148.75 square centimeters? Explain. (9.5-9.6) x 


Cumulative Practice 


tt aaa: 
Fitting a Model to Data 


OBJECTIVE Fitting a model to data and then using the model to predict 
future outcomes. 


Materials: graph paper, graphing calculator or computer (optional) 


COLLECTING YOUR DATA 
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You opened a pizza business eight years ago, and you want to write an equation 
to represent the growth of the business since you opened. 


1. Copy and complete the table. 


a Business Sales Report 


Total Sales 
($9 per pizza) 


9x 4200 = 40800 : 
9 x 2040 = ? 
c 


PizZZ 


fF 
ar Number 1°) 
a pizzas Sold 


{ 4200 
2 2040 
3 3470 
4 5900 
5 40025 
6 
7 
8 


+7040 


@ 

@ 

) 

) 

28970 j 
© 


2. Make a scatter plot of the data. Describe any patterns you see. 


3. To write an equation that represents your data, test a linear model, a quadratic 
model, and an exponential model to determine which fits the data best. You 
may want to use a graphing calculator or computer. (See the Graphing 
Calculator Activity in Chapter 8, page 492, on how to fit a model to a given 


set of data.) Explain why you think that each model either fits or doesn’t fit 
the data. 


4. Make a prediction on what the total sales would be in the tenth year. 
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INVESTIGATING ANOTHER BUSINESS 


ORR REE RRO EEE OREO EEE EE EEE HEHE EEE E HEHE EEEHE HEHEHE EEEEHEEEEEEEEHEEEEEEEEEEEEEEEEEEEEEEEEEEEEHEEEEEE HEHEHE EE EEEES 


5. Find the annual sales for at least four years for a business or an industry that 
interests you. Make a table of the data. 


6. Make a scatter plot of the data. Try to fit a linear model, a quadratic model, 
and an exponential model to the data. Which model fits best? 


7. Can you use the best-fitting model from Exercise 6 to predict future sales for 
this business or industry? If you can, use your model to predict sales five 
years from now. If you cannot, explain why not. 


PRESENT YOUR RESULTS 
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Write a report or make a poster to report your results. 


Include your answers to Exercises 1-4. 


Include all the curves you tried and your 
explanations of whether they fit or not. 


Describe the business or industry you looked 
at in Exercises 5—7. Tell where you found 
your data. Explain whether you were able 

to fit a model to your data. Include your 
answers to Exercises 5—7. 


If you used a graphing calculator or a 
computer to create your models, give 
the r-value for each model and explain 
what the values mean. 


Describe what you learned about fitting 
a model to data. For example, what 
information or values helped you to 
determine the best model to use? 


ARERR eee ERE Eee REE EEE EERE EEE EEE EEE EEE EEE EERE EE EEE EE EEE EE EEE EEE HEHEHE EEE EEEEEEEEEEEEE EES 


¢ Find sales data for a business or industry related to the one 
you used for Exercises 5—7. Compare the two sets of data. 
Compare the growth in sales in the two businesses 
or industries. 


Do some research to find a stock market index that you 
can use to compare the performance of the business or 
industry you used in the project with the performance 
of stocks during the same period of time. 


Project 
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AND FACTORING 


CHAPTER 


10; 


APPLICATION: Arecibo Observatory 
The Arcee Mal scone ie 


the largest single-dish radio tele- 
scope in the world. Its enormous 
reflector dish, built in a natural 
limestone sinkhole in Puerto Rico, 
is sensitive enough to collect radio 
waves originating 7OOO trillion 
miles from Earth. 


The cross section of many radio tel- 
escopes, such as the one shown 
below, where x and y are in feet, 
can be modeled by a polynomial 
equation whose graph is a parabola. 
You will solve polynomial equations 
in Chapter 10. 


Edge 
of dish 


Edge 
of dish 


100 ft 


Center of dish? 


Think & Discuss 


Use the graph modeling a cross section of the 
telescope’s reflector dish for Exercises | and 2. 


1. Find the x-intercepts. How can you use this 
information to find the diameter of the dish? 


2. Estimate the depth of the dish. 


Learn More About It 


You will use an algebraic model of a radio telescope 
in Exercises 53 and 54 on page 601. 
Pog APPLICATION LINK Visit www.mcdougallittell.com 
for more information about the Arecibo Observatory. 


CHAPTER 


St = 
10 Snell 


What’s the chapter about? 


Chapter 10 is about polynomials and factoring. In Chapter 10 you’ ll learn 


* how to add, subtract, and multiply polynomials. 
* how to factor polynomials. 
* how to solve polynomial equations by factoring. 


KEY VOCABULARY 


> Review > New 
¢ distributive ¢ quadratic formula, © polynomial, p. 576 ¢ factor a quadratic 
property, p. 100 p. 533 © FOIL pattern, p. 585 expression, p. 604 


* like terms, p. 102 * vertical motion ° factored form, p.597 ° factor completely, 
° x-intercept, p. 218 model, p. 535 © zero-product p. 625 
° parabola, p. 518 ¢ discriminant, p.541 property, p. 597 


Are you ready for the chapter? 
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SKILL REVIEW Do these exercises to review key skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Apply the distributive property. Combine like terms. (Review Examples 2 and 3, 
_ ee p. 101 and Example 5, p. 102) 
Study Tip 
“Student Help” boxes 1. 3x(x + 6) 2. (2 — 4x)7 3. —4(x + 5) 4. (8 — 2x)(—8) 
throughout the chapter 2 
give you study tips and 5. 2(x — 3) + x 6. 5x + 3(1 — x) 7. -@+4)-<x 8. 2x* — x(1 + x) 


tell you where to look for 
extra help in this book 
and on the Internet. 


Simplify the expression. (Review pp. 450 and 451) 
9. xe xtex 10. (x°)? 11. (—2ab)? 12. (3xy*)? + x? 


Find the discriminant. Tell if the equation has two solutions, one solution, or 
no real solution. (Review Example 1, p. 541) 


13. 3x2 —4x+6=0 14. 5x7 + 6x —-8 =0 15. 2x? — 12x +18 =0 


Here’s a 


study strategy! 


Working on Trouble Spots 


es through the chapter and identify your trouble 
ae S: questions that you had difficulty answering or 
omework exercises that you solved incorrectly 


g these topics and then 
i$ again. 


Review the material coverin 


try to answer the question 


Chapter 10 


© ACTIVITY 10.1 


Developing Concepts 


SET UP 
Work with a partner. 


MATERIALS 
algebra tiles 


Group Activity for use with Lesson 10.1 


Modeling Addition of Polynomials 


> QUESTION How can you model the addition of polynomials with 
algebra tiles? 


> EXPLORING THE CONCEPT 


Algebra tiles can be used to model polynomials. 


1 4 x ax 2 =o 


These 1-by-1 square These 1-by-x rectangular These x-by-x square tiles 
tiles have an area of tiles have an area of have an area of 
1 square unit. X square units. x? square units. 


@ You can use algebra tiles to add the polynomials x7 + 4x + 2 and 2x” — 3x — 1. 


fa] 
pe dk 4 fe 9) 2x? = s = 1 


xX 
2) To add the polynomials, combine 3) Rearrange the tiles to form zero 

like terms. Group the x?-tiles, pairs. Remove the zero pairs. 
the x-tiles, and the 1-tiles. The sum is 3x2 + x + 1. 
aa... HE : 

7 iam + 

Gm OS = Le 

a a 


> DRAWING CONCLUSIONS 


In Exercises 1-6, use algebra tiles to find the sum. Sketch your solution. 

1. (—x? +x — 1) + (4x? + 2x — 3) 2. (3x7 + 5x — 6) + (—2x? — 3x — 6) 
3. (5x7 — 3x +4) + (-x7+3x-2) 9 4. (2x7 —x— 1) + (-2x7 +41) 
5. (—x? + 3x + 7) + (x? — 7) 6. (4x7 + 5) + (4x? + 5x) 


7. Describe how to use algebra tiles to model subtraction of polynomials. 
Use algebra tiles to find the difference. 

8. (x7 + 3x + 4) — (x? + 3) 9. (x7 — 2x + 5) — (3 — 2x) 
10. (2x7 + 5) — (—x? + 3) 11. (x? + 4) — (2x7 + x) 


10.1 Concept Activity 


Adding and 
Subtracting Polynomials 


Wh PGOAL 1) ADDING AND SUBTRACTING POLYNOMIALS 
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Add and subtract An expression which is the sum of terms of the form ax* where k is a nonnegative 


polynomials. integer is a polynomial. Polynomials are usually written in standard form, 
Use polynomials to which means that the terms are placed in descending order, from largest degree to 
model real-life situations, smallest degree. 
such as energy use in ‘ 
Exs. 67-69. Leadin egree Constant 
cnefficient & r term 
Why you should learn it Polynomial in standard form: 2x3 + 5x2 -— 4x +7 


WV To represent real-life 
situations, like mounting 


‘ The degree of each term of a polynomial is the exponent of the variable. 
a photo on a mat in 


Example 5 The degree of a polynomial is the largest degree of its terms. When a 
ee Le, polynomial is written in standard form, the coefficient of the first term is 
o the leading coefficient. 


P EXAMPLE 1 | Identifying Polynomial Coefficients 


Identify the coefficients of —4x? + x7 + 3. 


SOLUTION First write the polynomial in standard form. Account for each degree, 
even if you must use a zero coefficient. 


—4x? + x3 +3 = (1x? + (—4)x? + (Ox +3 
> The coefficients are 1, —4, 0, and 3. 


A polynomial with only one term is called a monomial. A polynomial with 
two terms is called a binomial. A polynomial with three terms is called a 


trinomial. 
T EXAMPLE 2 } Classifying Polynomials 
CLASSIFIED BY CLASSIFIED BY 
POLYNOMIAL DEGREE DEGREE NUMBER OF TERMS 
a. 6 0 constant monomial 
b. —2x 1 linear monomial 
c.3x+ 1 1 linear binomial 
d. —x? + 2x-—5 2 quadratic trinomial 
e. 4x? — 8x 3 cubic binomial 
f. 2x4 — 7x37 — 5x +1 4 quartic polynomial 


Chapter 10 Polynomials and Factoring 


To add or subtract two polynomials, add or subtract the like terms. You can use 
a vertical format or a horizontal format. 


SEs GEVTTEED Adding Polynomials 
$7253) HOMEWORK HELP 


Visit our Web site Find the sum. Write the answer in standard form. 


www.mcdougallittell.com 
fares SeTipleS a. (5x3 — x + 2x? + 7) + (3x2 + 7 — 4x) + (4x? - 8 - 2°) 


b. (2x7 +x—5) + (x+x7 4+ 6) 


SOLUTION 


a. Vertical format: Write each expression in standard form. Align like terms. 


5x9 + Oxn* = x +7 
3x2 —4x +7 
—x3 + Ax? — 8 


4x? + 9x? — 5x + 6 
b. Horizontal format: Add like terms. 
(2x? +x — 5) + (x +x? + 6) = (2x2 + x”) + Wt x) + (-5 +6) 
= 3x7 +2x+1 


Givi Subtracting Polynomials 


Find the difference. 

a. (—2x? + 5x? — x + 8) — (-2x? + 3x — 4) 
b. (x? — 8) — (7x + 4x?) 

c, (3x7 — 5x + 3) — (2x7 -—x — 4) 


SOLUTION 


a. Use a vertical format. To subtract, you add the opposite. This means that you 
can multiply each term in the subtracted polynomial by —1 and add. 


(—2x3 + 5x* — x + 8) 2x7 + 5x7 - x+8 
— (—2x7 ++ 3x—4)  Addthe opposite + 2x? —3x+4 
| SS eee 
Study Tip 2 2 = 
A common mistake in P; (« 5) : - : 
algebra is to forget to = (7x + 4x ) Add the opposite. + —4x* — 7x 
change signs correctly —3;x* —7x-—8 
when subtracting one 
expression from another. c. Use a horizontal format. 
ie sex i (3x? — 5x + 3) — (2x? —x — 4) = 3x? -— 5x + 3-2? 4x44 
Wrong iiiedicdl = (3x? — 2x?) + (Sx +x) + (3+ 4) 
=x7-4x+7 


10.1 Adding and Subtracting Polynomials 


PGOAL 2) USING POLYNOMIALS IN REAL LIFE 


By Lin. EXAMPLE 5 } Subtracting Polynomials 
ys 


You are enlarging a 5-inch by 7-inch photo by a scale 
factor of x and mounting it on a mat. You want the mat 
to be twice as wide as the enlarged photo and 2 inches 
less than twice as high as the enlarged photo. 


a. Draw a diagram to represent the described situation. 
Label the dimensions. 


b. Write a model for the area of the mat around 
the photograph as a function of the scale factor. 


SOLUTION 


a. Use rectangles to represent the mat and the photo. Use the description of the 
problem to label the dimensions as shown in the sample diagram below. 


The mat is 2 inches less 
7x 14x - 2 —___ than twice as high as 
the enlarged photo. 


10x eee nS mat is twice as wide 
as the enlarged photo. 


b. Use a verbal model. Use the diagram to find expressions for the labels. 


VERBAL = Totalarea -— Area of photo 


The dimensions of the 
photo are enlarged by 
a scale factor of x. 


MopeEL 

ome Area of mat = A (square inches) 
Total area = (10x)(14x — 2) (square inches) 
Area of photo = (5x)(7x) (square inches) 


ALGEBRAIC A = (10x)(14x — 2) — (5x)(7x) 
MobEL 
= 140x” — 20x — 35x? 


= 105x* — 20x 


> A model for the area of the mat around the photograph as a function of the 
scale factor x is A = 105x” — 20x. 
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By: Lie T EXAMPLE 6 ] Adding Polynomials 
oe 


From 1991 through 1998, the number of commercial C and education E Internet 
Web sites can be modeled by the following equations, where f is the number of 
years since 1991. > Source: Network Wizards 


Commercial sites (in millions): C = 0.32147 — 1.036t + 0.698 
Education sites (in millions): E = 0.09912 — 0.120r + 0.295 


Find a model for the total number S of commercial and education sites. 


SOLUTION 
You can find a model for S by adding the models for C and E. 


0.32117 — 1.036r + 0.698 
+ 0.09977 — 0.120t + 0.295 
0.4217 — 1.156t + 0.993 

> The model for the sum is S = 0.4217 — 1.156t + 0.993. 


GUIDED PRACTICE 


SCOOT O HEE E EEE EEE EOHE THEE HEHE EEEEE EEE TEESE EEE EEE EEE EEEEE EEE SEES EEE EEE EEE EEEEEESEEEEEEEEEE ESHEETS EEEEEEEEEEEH EEE EEEEEEEEEESE 


Vocabulary Check J 1. Is 9x7 + 8x — 4x3 + 3 a polynomial with a degree of 2? Explain. 
Concept Check 7 In Exercises 2-4, consider the polynomial expression 5x + 6 — 3x? — 4x2. 
2. Write the expression in standard form and name its terms. 
3. Name the coefficients of the terms. Which is the leading coefficient? 
4. What is the degree of the polynomial? 


ERROR ANALYSIS Describe the error shown. 


Skill Check A 
Classify the polynomial by degree and by the number of terms. 
7. —9y +5 8. 12x + 7x 9. 4w> — 8w + 9 
10. sx - 3) 11. —4.3 12. Ty + 2y? — y? + 3yt 


Find the sum or the difference. 

13. (x? — 4x + 3) + (3x? — 3x — 5) 14, (—x? + 3x — 4) — (2x7 + x - 1) 
15. (—3x* +x +8) —(x7-— 8x +4) 16. (5x7 — 2x — 1) + (—3x? — 6x — 2) 
17. (4x2 — 2x - 9) +(x-7-5x?) 18. (28 — 3 + 7x”) — (3 — 9x? — 2x) 


10.1 Adding and Subtracting Polynomials 


PRACTICE ano APPLICATIONS 


it Extra Practice 


to help you master 
skills is on p. 806. 


p HOMEWORK HELP 


Example 1: Exs. 19-30 
Example 2: Exs. 19-30 
Example 3: Exs. 31-62 
Example 4: Exs. 31-62 
Example 5: Exs. 63, 64 
Example 6: Exs. 65-69 


CLASSIFYING POLYNOMIALS Identify the leading coefficient, and classify 
the polynomial by degree and by number of terms. 


19. —3w +7 20. —4x7 + 2x - 1 21.8457 -3¢+27 

22. 8 + 5y? — 3y 23. —6 24. 14w* + Ow? 

25. —Sx + 5x43 26. —4.1b? + 7.43 27. —912 + 313 — 444 — 15 
28. 9y? —5y2+4y—1 29. -16x3 30. —827 + 74 + 39z — 9524 


VERTICAL FORMAT Use a vertical format to add or subtract. 

31. (ie 10) (ie Sa 6) B28 (a Sa" 2) (a a") 

33. (2m — 8m* — 3) + (m* + 5m) 34. (8y? + 2) + (5 — 3y’) 

35. (3x7 + 7x — 6) — (3x? + 7x) 36. (4x7 — 7x + 2) + (-x?7 + x — 2) 
37. (8y> + 4y? + 3y — 7) + (2y* — 6y + 4) 

38. (7x4 — x” + 3x) — (x? + 6x? — 2x + 9) 


HORIZONTAL FORMAT Use a horizontal format to add or subtract. 

39. (x7 — 7) + (2x? + 2) 40. (—3a? + 5) + (-a* + 4a — 6) 

41. (x9 +.x7 + 1) — x? 42. 12 —(y> +4) 

43. 3n? + 2n — 7) — (n° —n-— 2) 44, 3a* — 4a” + 3) — (a2 + 3a? -— a — 4) 
45. (6b* — 3b> — 7b? + 9b + 3) + (404 — 6b? + 11b — 7) 

46. (x° — 6x) — (2x7 + 9) — (4x? + ) 


POLYNOMIAL ADDITION AND SUBTRACTION Use a vertical format or a 
horizontal format to add or subtract. 


47. (9x3 + 12) + (16x? — 4x + 2) 48. (—217 + 6t? + 5) — (-21* + 527 + 1) 
49. (3x + 2x7 — 4) - (x? +x- 6) 50. (uw? — u) — (u? +5) 

51. (—7x? + 12) — (6 — 4x”) 52. (10x? + 2x2 — 11) + (9x? + 2x — 1) 
B3.(-90 = 40) (132 Be") 54, (21r4 — 37° + 43) — (1973 + 33r — 58) 


55. (Gi = 199 = (3. — 277) — 18 = 5) 

56. (7y? + 15y) + (5 — 1Sy + y’) + (24 — 17y’) 

la 5 | ( 3) (G2 9) 

58. (10w? + 20w? — 55w + 60) + (—25w + 15w — 10) + (Sw? + 10w — 20) 
59. (9x4 — x? + Tx) + (x? — 6x? + 2x — 9) — (4x? + 3x + 8) 

60. (6.2b4 — 3.1b + 8.5) + (—4.7 + 5.8b? — 2.4b*) 

61. (—3.8y? + 6.9y? — y + 6.3) — (—3.1y? + 2.9y — 4.1) 


. (Za4 2a 4 7) ( sat 6a°) (2a? — 7) 


5 


~ 


6 


Nh 
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FOCUS ON 
CAREERS 


es ELECTRICAL 
Ss ENGINEERS 
design, test, and monitor the 
performance of electrical 
equipment. This includes 
equipment used by power 
utilities to generate and 
eeu electricity. 


CAREER LINK 
atienene aera 


&% BUILDING A HOUSE In Exercises 63 and 64, you plan to build a house 
that is 13 times as long as it is wide. You want the land around the house 


to be 20 feet wider than the width of the house, and twice as long as the 
length of the house, as shown at the right. 


63. Write an expression for the 
area of the land surrounding 
the house. 


64. If x = 30 feet, what is the 
area of the house? What is 
the area of the entire property? 


—————— 


&% POPULATION In Exercises 65 and 66, use the following information. 
Projected from 1950 through 2010, the total population P and the male 
population M of the United States (in thousands) can be modeled by the 
Tohowing equations, where ¢ is the number of years since 1950. 

DATA UPDATE of U.S. Bureau of the Census data at www.mcdougallittell.com 


Total population model: P = 2387.74t + 155,211.46 
Male population model: M= 1164.16t + 75,622.43 


65. Find a model that represents the female population F of the United States 
from 1950 through 2010. 


66. For the year 2010, the value of P is 298,475.86 and the value of M is 
145,472.03. Use these figures to predict the female population in 2010. 


&% ENERGY USE In Exercises 67-69, use the following information. 

From 1989 through 1993, the amounts (in billions of dollars) spent on natural gas 
N and electricity E by United States residents can be modeled by the following 
equations, where ¢ is the number of years since 1989. 


> Source: U.S. Energy Information Administration 


Gas spending model: N = 1.48877 — 3.403r + 65.590 
Electricity spending model: E = —0.10717 + 6.897t + 169.735 


67. Find a model for the total amount Energy Spending 
A (in billions of dollars) spent on : 
natural gas and electricity by ¢ ici AX aie 
United States residents from 1989 3 Gas 
through 1993. ‘5 300 
2 250 
68. According to the models, will = 900 
more money be spent on natural = 
gas or on electricity in 2020? Fy m0 
= 100 
69. The graph at the right shows U.S. 3 50 
energy spending starting in 1989. <= = 
Models N, E, and A are shown. 2 4 6 


Copy the graph and label the Years since 1989 
models N, E, and A. 


10.1 Adding and Subtracting Polynomials 


lola). 
Test é2) 70. MULTI-STEP PROBLEM The table below shows the amounts that Megan and 
Preparation Sara plan to deposit in their savings accounts to buy a used car. Their savings 
accounts have the same annual growth rate g. 


Date 1/1/00 | 1/1/01 | 1/1/02 | 1/1/03 


Megan $250 $400 $170 $625 
Sara $475 $50 $300 $540 


a. On January 1, 2003, the value of Megan’s account M can be modeled by 


M = 250g? + 400g” + 170g + 625, where g is the annual growth rate. 
Find a model for the value of Sara’s account S on January 1, 2003. 


b. Find a model for the total value of Megan’s and Sara’s accounts together 
on January 1, 2003. 


c. The annual growth rate g is equal to 1 + r, where r is the annual interest 
rate. The annual interest rate on both accounts is 2.5% for the three-year 
period. Find the combined value of the two accounts on January 1, 2003. 


d. If the used car that Megan and Sara want to buy costs $2500, will they 
have enough money? 


* Challenge 71. The sum of any two consecutive integers can be written as (x) + (x + 1). 
Show that the sum of any two consecutive integers is always odd. 


72. Use algebra to show that the sum of any four consecutive integers is 
www.mcdougallittell.com always even. 


MIxeD REVIEW 


DISTRIBUTIVE PROPERTY Simplify the expression. (Review 2.6 for 10.2) 
7; 3G 1) =2 74, (2x — 1)(2) + x 75. 11x + 3(8 — x) 
76. (5x — 1)(—3) + 6 77. —41 — x) +7 78. =12x% — 5(11 = 3) 


79. BEST-FITTING LINES Draw a scatter plot. Then draw a line that 
approximates the data and write an equation of the line. (Review 5.4) 


(=F, 19), 6; 16), CS, 12), 2,12), (2,9), 0, 7), 
(2, 4), (6, —3), (6, 2), (9, —4), (9, —7), (12, —10) 


‘ed EXPONENTIAL EXPRESSIONS In Exercises 80—85, simplify. Then use a 
== calculator to evaluate the expression. Round the result to two decimal 
places when appropriate. (Review 8.1) 


80. (4+ 32-23)4 81. (24+ 24) 82. (—6 - 34)5 
83. (1.1 °3.3)° 84. 5.5°+5.54 85. (2.95) 


86. % ALABAMA The population P of Alabama (in thousands) for 1995 
projected through 2025 can be modeled by P = 4227(1.0104)’, where f is the 
number of years since 1995. Find the ratio of the population in 2025 to the 
population in 2000. Compare this ratio with the ratio of the population in 
2000 to the population in 1995. > Source: U.S. Bureau of the Census (Review 8.3) 
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© ACTIVITY 10.1 


Using Technology 


IN. 
i $753, KEYSTROKE 
ie] HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 10.1 


Graphing Polynomial Functions 


You can use a graphing calculator or a computer to check an answer when 
finding the sum or difference of polynomials. 


> EXAMPLE 


One of the expressions below is the difference of 2x” + 3x 
Use a graphing calculator to check which is correct. 


(jag) = = Dye ee 


Aix +5x—4 B. 3x7 + 5x = 4 
> SOLUTION 
Di 2 \ 
a) Enter (2x oe lle eae Seas TT erEeee 
equation Y 1. X2-2X+3) 


Y2Bx2+5x-4 
Y3B3X2+5xX-4 


Enter x” + 5x — 4 as equation Y2. 
Enter 3x7 + 5x — 4 as equation Y3. 


2) Graph equations Y1 and Y2 on the same screen. 
The graphs do not coincide, so 


(2x? + 3x — 1) — (-x? 


is not equal to x7 + 5x — 4. 


© Graph equations Y1 and Y3 on the same screen. 
The graphs coincide, so 
(2x7 + 3x — 1) — (-x? — 2x + 3) 
equals 3x7 + 5x — 4. 


> EXERCISES 


Tell whether the given answer is a correct sum or difference. If it is 
incorrect, find the correct answer. 


1. (2x? — 3x + 5) + (—x?7 + 2x -6) 2x7 -x-1 
2. (—x* — 3x — 1) — (-2x7 + 4x + 5) 2 -3x7 +2444 


Find the sum or difference. Then use a graphing calculator or a computer to 
check your answer. 


3. (2x7 — 6x — 3) + (x7 — 3x + 3) 
B. (x* + 12x + 6) — (3x* — 2x + 2) 
7. (2x7 + 10x + 3) + (4x? + 2x — 4) 


4. (x? — 14x + 5) + (—2x? — 3x + 2) 
6. (—3x7 + 5x — 8) 
8. (x? — 4x + 5) 


10.1 Technology Activity 


Multiplying Polynomials 


PGOAL 1) MULTIPLYING POLYNOMIALS 


W hat you should learn CREE REE EERE EERE EEE EERE RHEE E EE EERE EEE EEE EEE EE HEHEHE EEE EEE E EE EEE EEE EE EEE EERE EEE EEEEEEEEEEES 


Multiply two In Lesson 2.6 you learned how to multiply a polynomial by a monomial by using 
polynomials. the distributive property. 
HO Use polynomial 

rae in real-life (3x)(2x? — Sx + 3) = (3x)(2x7) + (3x)(—5x) + (3x)(3) = 6x3 — 15x? + 9x 
situations, such as In the following activity, you will see how an area model illustrates the 
calculating the area of a multiplication of two binomials. 


window in Example 5. 


Why you should learn it © ACTIVITY 


V To solve real-life Developing er: : : ares 
problams such as finding a cuca Investigating Binomial Multiplication 


model for movie ticket 
revenue in Exs. 58 


eeeeeseseoreee eeeeeee ee eeeeeeeos SOPHO H EHO E EERE OH ED eee eeeeeeeeeeeeee 


The rectangle shown at the right has a width of (x + 2) ale gl 
and a height of (2x + 1). 


x 
@ Copy the model. What is the area of each part of 
the rectangle? 2x+1 
x 
@ Find the product of (x + 2) and (2x + 1) by 
adding the areas of the parts to get an expression 1 
for total area. — x+ 2— 


© Copy and complete the equation: (x + 2)(2x + 1) = 2. 
© Use an area model to multiply (x + 3) and (2x + 4). 


Another way to multiply two binomials is to use the distributive property twice. 
First use (a + b)(c + d) = a(e + d) + b(c +d). 

Then use a(c + d) = ac + ad and b(c + d) = be + bd. 

This shows that (a + b)(c + d) = ac + ad + be + bd. 


This property can also be applied to binomials of the form a — b or c — d. 


EXAMPLE 1 } Using the Distributive Property 


Find the product (x + 2)(x — 3). 


be Look Back SOLUTION 


For help with the (x + 2)(x — 3) =x — 3) + 2@ — 3) (b+ c)la=ba+ ca 

distributive property, 2 

see p. 100. =x —3x+2x—-6 a(b — c) = ab— ac 
=x7-x-6 Combine like terms. 


Chapter 10 Polynomials and Factoring 


When you multiply two binomials, you can remember the results given by the 
distributive property by means of the FOIL pattern. Multiply the First, Outer, 
Inner, and Last terms. 


Product of Product of Product of Product of 
First terms Outerterms Inner terms Last terms 


on) ok Coe ae 


(3x+4(x+5) = 3x* + 15x + 4x + 20 
= 3x24+ 19x + 20 


gon HOMEWORK HELP EXAMPLE 2 ] Multiplying Binomials Using the FOIL Pattern 


Visit our Web site 
www.mcdougallittell.com F O TFT L 
for extra examples. y Y Y Y 
(3x — 4)(2x + 1) = 6x7 + 3x — 8x -4 Mental math 
= 6x7 — 5x —4 Simplify. 


To multiply two polynomials that have three or more terms, remember that each 
term of one polynomial must be multiplied by each term of the other polynomial. 
Use a vertical or a horizontal format. Write each polynomial in standard form. 


GIVE) Multiplying Polynomials Vertically 
Find the product (x — 2)(5 + 3x — x7). 
SOLUTION Align like terms in columns. 
—x7 +3x+ 5 Standard form 
x x—- 2 Standard form 
2x? — 6x — 10 <— -2(—x? + 3x +5) 


—x3 + 3x2 + 5x <— x(—-x2 + 3x +5) 


x3 + 5x? x — 10 Combine like terms. 


EXAMPLE 4 ] Multiplying Polynomials Horizontally 


Find the product (4x7 — 3x — 1)(2x — 5). 


_ ae SOLUTION Multiply 2x — 5 by each term of 4x? — 3x — 1. 
Look Back 


For help with multiplying (4x? — 3x — 1)(2x — 5) = 4x(2x — 5) — 3x(2x — 5) — 1(2x — 5) 
all se = 8x3 — 20x? — 6x2 + 15x — 2x + 5 


= 8x? — 26x? + 13x + 5 


10.2 Multiplying Polynomials 


PGOAL 2) USING POLYNOMIALS IN REAL LIFE 


gy GED Muttiplying Binomials to Find an Area 
entry 


The diagram at the right shows T 
the basic dimensions for a window. 
The glass portion of the window 
has a height-to-width ratio of 3 : 2. 
The framework adds 6 inches to the 
width and 10 inches to the height. 


a. Write a polynomial expression 
that represents the total area of 
the window, including the 
framework. 


b. Find the area when x = 10, 11, 
12, 13, and 14. 


5 


SOLUTION [3-}-—_——_2x—_}3 - 


a. Use a verbal model. 


_ Height of | Width of 
VERBAL = eee: 


+ 
LABELS Total area = A (square inches) 
Height of window = 3x +10 (inches) 
Width of window = 2x + 6 (inches) 
ALGEBRAIC A= (3x + 10 ) . ( 2x + 6 ) Area model 
MODEL 


= 6x* + 18x + 20x + 60 FOIL pattern 


= 6x? + 38x + 60 Combine like terms. 


b. You can evaluate the polynomial expression 6x7 + 38x + 60 by substituting 
x-values. For instance, to find the total area of the window when x = 10, 
substitute 10 for x. 


A = 6x? + 38x + 60 
= 6(10)* + 38(10) + 60 
= 600 + 380 + 60 
= 1040 


> The areas for all five x-values are listed in the table. 


a in? 1568 
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GUIDED PRACTICE 


@ecccccccsccvevccccescccccces 


Vocabulary Check / 


Concept Check J 


Skill Check Y 


POPP OOH E SEES EEETEEO EEE EEEH EEE E HOOT EEEEEEHE ESE E HEHE EOSEEH ETE EESOEEEEESEHD ELSES SOLO ES EOEE 


1. How do the letters in “FOIL” help you 
remember how to multiply two binomials? 


2. Write an equation that represents the product x 
of two binomials as shown in the area model 


at the right. u 


Explain how to use the distributive property to find the product. 
3. 2x — 3)@ + 4) 4.(x+ IQ? -x+4+ 1) 
Use the given method to find the product (2x + 3)(4x + 1). 
5. Use an area model. 
6. Use the distributive property. 
7. Use the FOIL pattern. 
8. Which of the methods you used in Exercises 5—7 do you prefer? Explain. 


Find the product. 


9. (4x + 7)(—2x) 10. —4x°(3x7 + 2x-6) 11. (-y — 2)(y + 8) 
12. (w — 3)(2w + 5) 13. (x + 6)(x + 9) 14. (—2x — 4)(8x + 3) 
15. (b + 8)(6 — 2b) 16. (—4y + 5)(—7 — 3y) 17. Bw? — 9)(5w — 1) 


PRACTICE anp APPLICATIONS 


CeCe eee eee EEE Eee EeEEEEEEEES 


L, Extra Practice 


to help you master 
skills is on p. 806. 


K HOMEWORK HELP 


Example 1: Exs. 18-29 
Example 2: Exs. 30-35 
Example 3: Exs. 36—47 
Example 4: Exs. 36-47 
Example 5: Exs. 52-55 


SOPOT EEE E HEHE EEE SESE EEE EEE EEEEE EEE EE EEE EEE EE EEE SESE EES ESE SESE EEE EEEEEE EEE SEEEE ESE SEEESEEEEES 


MULTIPLYING EXPRESSIONS Find the product. 

18. (2x — 5)(—4x) 19. 31°(7t — f° — 3) 20. 2x(x? — 8x + 1) 

21. (—y)(6y? + 5y) 22. 4w°(3w> — 2w2— w) 23. —b°(6b* — 16b + 11) 
DISTRIBUTIVE PROPERTY Use the distributive property to find the product. 
24. (t + 8)(t + 5) 25. (2d + 3)(3d + 1) 26. (4y? + y — 7)(2y — 1) 
27. 357 -—s—1)(s+2) 28. (a*+8)(a*-—a—3) 29. (x + 6)(x? — 6x — 2) 
USING THE FOIL PATTERN Use the FOIL pattern to find the product. 

30. (4q — 1)(3q + 8) 31. (2z + 7)(3z + 2) 32. (x + 6)(x — 6) 

33. (2w — 5)(w + 5) 34. (x — 9)(2x + 15) 35. (5t — 3)(2t + 3) 
IVIULTIPLYING EXPRESSIONS Find the product. 

36. (d — 5)(d + 3) 37. (4x + 1)(x — 8) 38. (3b — 1)(b — 9) 

39. (Ow +8)(1lw—10) 40. (11t — 30)(5t — 21) 41. (9.4y — 5.1)(7.3y — 12.2) 


42. (3x + 4y( Fx £ 1) 43. (» + $)(an —10) 44, (» a :) (x - 3) 


45. (2.52 -6.1)(z+ 4.3) 46.(7° + 6r—-8)(t-6) 47. (487 + 5 — 1)(s + 4) 


10.2 Multiplying Polynomials 


= USING A GRAPHTO CHECK Find the product. Check your result by 
comparing a graph of the given expression with a graph of the product. 


48. (x + 5)(x + 4) 49. (2x + 1)(x — 6) 
50. (3x7 — 8x — 1)(9x + 4) 51. (x + 7)(—x? — 6x + 2) 


CONNECTION Find an expression for the area of the figure. 
(Hint: the Table of Formulas is on p. 813.) Give your answer as a 
quadratic polynomial. 


52. 3x+4 5s: x+4 


+— 6x — 54 
/-_-——————————- 5x + 7 ——] 


% FOOTBALL In sient 54 and 55, a football field’s maa can be 
represented by a width of ( 1x + 10) feet and a length of (x — 15) feet. 


54. Find an expression for the 

area A of a football field. 

Give your answer as a 

quadratic trinomial. (3x + 10) ft 
55. An actual football field is 

160 feet wide and 360 feet 


long. For what value of x (5x — 15) ft 
does the expression you 

wrote in Exercise 54 give 

these dimensions? 


‘.") VIDEOCASSETTES In Exercises 56 and 57, use the following information 
about videocassette sales from 1987 to 1996, where tf is the number of 
years since 1987. 

The annual number of blank videocassettes B sold in the United States can be 
modeled by B = 15¢ + 281, where B is measured in millions. The wholesale 
price P for a videocassette can be modeled by P = —0.21t + 3.52, where P is 
measured in dollars. > Source: EIA Market Research Department 


56. Find a model for the revenue from annual sales of blank videocassettes. Give 
the model as a quadratic trinomial. 


57. Describe what happens to revenue during the period from 1987 to 1996. 


[_ ae ® Box OFFICE In Exercises 58 and 59, use the following information 
oe) ApeEATION IAIN about movie theater admissions from 1980 to 1996, where tis the number 
of years since 1980. 

The annual number of admissions D into movie theaters can be modeled by 

D = 13.75t + 1057.36, where D is measured in millions. The admission 

price P can be modeled by P = 0.11t + 2.90, where P is the price per person. 


> Source: Motion Picture Association of America 


www.mcdougallittell.com 


58. Find a model for the annual box office revenue. Give the model as a 
quadratic trinomial. 


59. What conclusions can you make from your model? 


53838 Chapter 10 Polynomials and Factoring 


Obs 
Test €S) 60. IMIULTI-STEP PROBLEM Use the table, which gives annual data on cows and 
Preparation milk production (in pounds) in the United States from 1985 to 1996, where t 
is the number of years since 1985. 


~ Son ooo 


Milk production 


MM bor or bse bos os [or 


KBE 


ve) DATA UPDATE of U.S. Department of Agriculture data at www.mcdougallittell.com 
a. Make a scatter plot of the milk production data. 
b. Make a scatter plot of the annual data on the number of cows. 


c. Write a linear model for each set of data. (Use the line-fitting technique in 
Lesson 5.4.) 


d. Find a model for the total amount of milk produced. Check to see whether 
the model matches the information in the table below. 


vor) EA 


(billion Ib) 


> Source: U.S. Department of Agriculture 


e. What conclusions can you make based on the information? 


* Challenge 61. a. PATTERNS Find each product: (x — 1)(x + 1), («@ — 1I)(x2 +x + 1), 
and (x — 1)(x? + x? + x + 1). Find a pattern in the results. 
b. Use the pattern to predict the product (x — 1)(x+ + x3 + x7 +x + 1). 
www.mcdougallittell.com Verify your guess by multiplying or graphing. 


MIxeD REVIEW 


POORER OEE EEE EEE EEE EEE EEE TEETH EE EE EEE EEE EEEE EEE EEEEE EEE EEE EEE EEEEE EEE EEEEE EEE EEE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE 


2 2 
62. (7x)? 63. (4m) 64. (2y) 65. (0.5w)? 
66. 9° - 9° 67. (47)4 68. b*+b> 69. (4c?)* 
70. (21)* + 33 71. (-w*)3 72. (—3xy)}(2y)?_——-73. (8x?y8) 


FINDING SOLUTIONS Tell how many solutions the equation has. (Review 9.6) 
74. 2x7 — 3x -1=0 75. 4x7 + 4x +1=0 76. 3x7 — 7x +5=0 
77. 7x? — 8x —-6=0 78. 10x -— 13x -9=0 79. 6x? — 12x -6=0 
SKETCHING GRAPHS Sketch the graph of the inequality. (Review 9.7) 

80. y = 4x7 — 7x 81. y< x7 — 3x — 10 82. y > —2x7 + 4x + 16 
83. y < 6x7 - 1 84. y=x°-3x4+1 85. y < 8x7 — 3 


10.2 Multiplying Polynomials 


What. you should learn 
Use special 


product patterns for the 
product of a sum anda 
difference, and for the 
square of a binomial. 


NE Use special 


products as real-life models 
such as a genetic model in 
Example 5. 


Why you should learn it 


V Tosolve real-life problems 
like finding the percent of 
second-generation tigers 
that are white in 


Exs. 49 and 50. 
See 


Special Products 
of Polynomials 


GU usine sreciat Propuct PATTERNS 


As you learned in Lesson 10.2, you can always use the FOIL pattern to multiply 
two binomials. Some pairs of binomials have special products. If you learn to 
recognize these pairs, finding the product of two binomials will sometimes be 
quicker and easier. 


m © ACTIVITY 


POPPE OREO HEHEHE EE EEE EE EEHE EEE EEEEEEEEEEEEEEEEEEEEESEHEEEEEEEEEEEEEEEES 


Developi eens : 
Concent Investigating Special Product Patterns 


@ Use the FOIL pattern to find the products in each group. 


1. (x — 2)(x + 2) 2. (x + 3)? 3. (¢ — 2)" 
(2n + 3)(2n — 3) (3m + 1)? (6x — 4)? 
(4t — 1)(4t + 1) (5s + 2)? (Sp — 7)* 
G+ WG») Gay) Gy 


® Describe any patterns that you see in each group. 


In this activity, you may have noticed that the product of the sum and difference 
of two terms has no “middle term.” Also, you may have noticed that in the square 
of a binomial the middle term is twice the product of the terms in the binomial. 


SPECIAL PRODUCT PATTERNS 


SUM AND DIFFERENCE PATTERN 


(a+ b)(a — b) = a? — b? Example: (3x — 4)(3x + 4) = 9x* — 16 
SQUARE OF A BINOMIAL PATTERN 
(a+ b)? = a? + 2ab + b? Example: (x + 4)? = x? + 8x + 16 


(a— b)* = a? — 2ab+ b? Example: (2x — 6)* = 4x* — 24x + 36 


The area model shown at the right gives a geometric representation of the square 
of a binomial pattern (a + b)? = a® + 2ab + b’. 


The area of the large square is (a + b)*, which is equal 
to the sum of the areas of the two small squares and two 
rectangles. Note that the two rectangles with area ab 
produce the middle term 2ab. 


ee” | 


a b 
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F Study Tip 


When you use these 


special product patterns, 


remember that a and b 
can be numbers, 
variables, or sometimes 
variable expressions. 


EXAMPLE 1 ] Using the Sum and Difference Pattern 


Find the product (5t — 2)(5t + 2). 


SOLUTION 
(a— b\at+b)= a’ — b? Write pattern. 
(5t — 2)(5t + 2) = (51)? — 2? Apply pattern. 


= 2517-4 Simplify. 
J CHECK You can use the FOIL pattern to check your answer. 
(5t — 2)(5t + 2) = (5852) + (52)(2) + (—2)(St) + (—2)@2) Use FOIL. 


= 2517-4 Simplify. 
TEXAMPLE 2 ] Squaring a Binomial 
Find the product. 
a. (3n + 4) b. (2x — Ty) 
SOLUTION 
a. (a+ b) =a’ + 2ab + b? Write pattern. 
(3n + 4)? = (Bn)? + 2(3n)(4) + 47 Apply pattern. 
= 9n* + 24n + 16 Simplify. 
b. (a- b)? =qa*—2ab+b? Write pattern. 
(2x — Ty)* = (2x)? — 2(2x)(Ty) + (Ty)? Apply pattern. 
= 4x? — 28xy + 49y* Simplify. 


The special product patterns can help you use mental math to find products. 


GEEZ) Special Products and Mental Math 


Use mental math to find the product. 


a. 17°23 b. 297 


SOLUTION 
a. 17° 23 = (20 — 3)(20 + 3) Write as product of difference and sum. 


= 400 — 9 Apply pattern. 
= 391 Simplify. 
b. 297 = (30 — 1)? Write as square of binomial. 
= 900 — 60 + I Apply pattern. 
= 841 Simplify. 


10.3. Special Products of Polynomials 


PGOAL 2) APPLYING SPECIAL PRODUCTS 


GIVE) Finding an Area 


GEOMETRY CONNECTION Find an expression for the 


area of the blue region. 
a ; i 
VERBAL Area Area Area 
MODEL of blue = of entire} — of red H-x—}+— 3 
region square region 


4 


LABELS Area of blue region = A (square units) 
Area of entire square = (x + 3)? (square units) 
Area of red region = (x + 1)@ — 1) (square units) 
ALGEBRAIC Al =(< +3)? — Write algebraic model. 
MOobDEL 4 " 
=(6°+ 66+ 9) = @*— 1) Apply pattern. 
*4+6xt+9-x7 41 Use distributive property. 
= 6x + 10 Simplify. 


GIVES Modeling a Punnett Square 


SCIENCE CONNECTION The Punnett square 
at the right is an area model that shows the 
possible results of crossing two pink 


ST ae snapdragons, each with one red gene R and 
one white gene W. Each parent snapdragon 
passes along only one gene for color to its _ a R RW 
offspring. Show how the square of a binomial 6 pia) 
can be used to model the Punnett square. » i" RW | WW 
(pink) | (white) 
SOLUTION 


Each parent snapdragon has half red genes and half white genes. You can model 
the genetic makeup of each parent as 0.5R + 0.5W. The genetic makeup of the 
offspring can be modeled by the product (0.5R + 0.5W)°. 


Fs ay PUNNETT (0.5R + 0.5W)? = (0.5R)? + 2(0.5R)(0.5W) + (0.5W)? 
nena = 0.25R? + 0.5RW + 0.25W? 
are used in genetics to j 
model the mixing of parents’ Red Pink White 
genes in the resulting 
offspring. > 25% of the offspring will be red, 50% will be pink, and 25% will be white. 
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GUIDED PRACTICE 


Vocabulary Check J 1. What is the sum and difference pattern? 


Concept Check J 2. Write two expressions for the product shown by the ~ 
area model at the right. 


3. Tell whether the following statement is true or false. ~ 
The product of (a + b) and (a + b) is a? + b’. 1 
Explain. 1 


4. Find the missing term: (a — b)? = a? — [?| + b’. 


Skill Check J 5. Show the product (x + 2)* using an area model or algebra tiles. Draw a 
sketch of the model and use it to help you write (x + 2)? as a trinomial. 


Use a special product pattern to find the product. 


6. (x — 6)? 7. (w + 11)(w - 11) 8. (6 + p) 
9. (2y — 3)° 10. (3z + 2)" 11. (t — 6)(t + 6) 
12. (x — 3)(x — 3) 13. (2y + 5)(2y — 5) 14. (4n + 3)" 


PRACTICE ano APPLICATIONS 


SUM AND DIFFERENCE PATTERN Write the product of the sum and 
: difference. 
Extra Practice 


to help you master 15. (x + 3)(x — 3) 16. (y — 1)(y + 1) 17. (2m + 2)(2m — 2) 
skills is on p. 806. 
18. (3b — 1)(3b + 1) 19. (3 + 2x)(3 — 2x) 20. (6 — 5n)(6 + 5n) 
SQUARE OF A BINOMIAL Write the square of the binomial as a trinomial. 
21. (x + 5)* 22. (a + 8)? 23. (31 + 1)” 
24. (2s — 4)? 25. (4b — 3)° 26. (x — 7)* 
SPECIAL PRODUCT PATTERNS Find the product. 
27. (x + 4)(x — 4) 28. (x — 3)(x + 3) 29. (3x + 1)(3x — 1) 
30. (6x + 5)(6x — 5) 31. (a + 2b)(a — 2b) 32. (4n — 8m)(4n + 8m) 
33, (3y + 8)? 34. (9 — 41)(9 + 41) 35. (2x - 5) (2x = 5) 
36. (—5 — 4x)’ 37. (35 + 41)(3s — 42) 38. (—a — 2b)* 
CHECKING SOLUTIONS Tell whether the statement is true or false. If the 
[psenenerens statement is false, rewrite the right-hand side to make the statement true. 
HOMEWORK HELP 
Example 1: Exs. 15-20, 39. (9x + 8)(9x — 8) 2 81x? — 64 40. (6y — Tw)* 2 36y? — 49w 
cies 1 2 12 2 2 2 4 9 2 
Example 2: Exs. 21-42 41. (4a + 3b) 2 9@ + 2ab + 9b 42. (Fn 3m) (Fn 3m) 2 qo ~ 9m 


Example 3: Exs. 43-46 
Example 4: Exs. 47, 48 


MENTAL MATH Use mental math to find the product. 
Example 5: Exs. 49-52 


43. 26 + 34 44, 45-55 45. 162 46. 417 


10.3 Special Products of Polynomials 


NE, 
Le 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 49-55. 


FOCUS ON 
CAREERS 


research on the 
biological and chemical 
processes that result in the 
the physical traits of plants 
and animals. 


in CAREER LINK 
www.mcdougallittell.com 


ay GENETICISTS do 


AREA WIODELS Write two expressions for the area of the figure. Describe 
the special product pattern that is represented. 


g 48} yf bye 


G - a 


L2y-3-+34 


EGET CONNECTION §In tigers, the normal color gene Cis dominant and the 
white color gene c is recessive. This means that a tiger whose color genes 
are CC or Cc will have normal coloring. A tiger whose color genes are cc 
will be white. 


49. The Punnett square at the right shows the possible 
results of crossing two tigers that have recessive 
white genes. Find a model that can be used to 
represent the Punnett square and write the model 
as a polynomial. 


50. What percent of the offspring will have normal 
coloring? What percent will be white? 


EGET connection In Exercises 51 and 52, use the following information. 
In chickens, neither the normal-feathered gene F nor the frizzle-feathered gene f 
is dominant. So chickens whose feather genes are FF will have normal feathers. 
Chickens with Ff will have mildly frizzled feathers. Chickens with ff will have 
extremely frizzled feathers. 


51. The Punnett square at the right shows the possible > 


results of crossing two chickens with mildly a FEN. 

frizzled feathers. Find a model that can be used 

to represent the Punnett square and write the 

model as a polynomial. F 

a& 

52. What percent of the offspring will have normal Ff 
feathers? What percent will have mildly frizzled aR, f 
feathers? What percent will have extremely 


frizzled feathers? 


% INVESTMENT VALUE In Exercises 53-55, an investment of P dollars that 
gains r percent of its value in one year is worth P(1 + r) at the end of that 
year. An investment that loses r percent of its value in one year is worth 
P(1 — r) at the end of that year. 


53. Write a model for the value of an investment P that loses r percent one year, 
then gains r percent the following year. 


54. According to the model, did the investment increase or decrease in value? 
By how much? 


55. If the investment gains r percent the first year and loses r percent the second 
year, what is the increase or decrease in the value of the investment? 
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SxDPd 
Test é=) QUANTITATIVE COMPARISON In Exercises 56 and 57, choose the statement 
Preparation that is true about the given numbers. 


CA The number in column A is greater. 
The number in column B is greater. 
C&> The two numbers are equal. 


> The relationship cannot be determined from the given information. 


Column A Column B 


.| (x — 7)(x + 7) when x = 4 (3x — 7)? when x = 4 


a’ + b> whena = landb = —2 | (a+ b)? whena = 1 andb = —2 


58. MULTIPLE CHOICE Which of the following is equal to 
(3x + 2)? — (x + 5)(x — 5)? 


B® 8x7 + 29 CBD 8x" + 12x — 21 
© 10x? + 6x + 29 D> 8x? + 12x + 29 
* Challenge WRITING FACTORS Write a pair of factors that have the given product. 
59. x7 + 12x + 36 60. x7 — 4 
61. 25x” — 30x + 9 62. 49x? — 169 


MIxeD REVIEW 


SIMPLIFYING EXPRESSIONS Simplify the expression. The simplified 
expression should have no negative exponents. (Review 8.3) 


3 3 3 
63. (3) 64. *, 65. (*) 
4 e : 
66. x7° L 3x*y . 6xy* 5x4y : Oxy 
x rm + Oy 3 ae ae 
y Xyo xy 


FINDING PARTS OF A GRAPH Find the coordinates of the vertex and write 
the equation of the axis of symmetry. (Review 9.3 for 10.4) 


69. y = 2x7 + 3x +6 70. y = 3x” — 9x — 12 71. y = —x7 + 4x + 16 
T2.y= 42-245 WB.y=—p2+6x-4 Wh y= te - Fr 42 


CHECKING GRAPHICALLY Solve the equation algebraically. Check the 
solutions graphically. (Review 9.4) 


75. x7 -10=6 76. x7 + 12 = 48 71. ax? = 5 


78. 3x2 = 192 79. $y? 2% 80. 2x2 — 66 = 96 


81. GEOMETRY CONNECTION Is it possible for a rectangle with a perimeter of 
52 centimeters to have an area of 148.75 square centimeters? Explain. 
(Review 9.6) 


10.3. Special Products of Polynomials 


Quiz 1 Self-Test for Lessons 10.1-10.3 


Use a vertical format or a horizontal format to add or subtract. (Lesson 10.1) 
1. (2x7 + 7x + 1) + (x? — 2x + 8) 2. (—4x3 — 5x? + 2x) — (2x3 + 9x? + 2) 
3. (717 — 3t + 5) — (417 + 10t — 9) 4. (5x? — x* + 3x + 3) + 3 — 4x7 + x) 


Find the product. (Lesson 10.2) 


5. (x + 8)(x — 1) 6. (4n + 7)(4n — 7) 7. (2x? + x — 4)(x — 2) 
8. (9m — 4)(3m + 1) 9. (5x — 3)(F + 5} 10. —x?(12x3 — 11x? + 3) 
Use special products to find the product. (Lesson 10.3) 
11. (x — 6)(x + 6) 12. (4x + 3)(4x — 3) 13. (5 + 3b)(5 — 3b) 
14. (2x — Ty)(2Qx+7y) 15. 8x + 6)? 16. (—6 — 8x)” 


17. % New PATIO You are making a square concrete patio. You want a brick 
border that is 8 inches wide around the outer edge of the patio, and the total 
length of a side is 2x inches. Draw a diagram and write a polynomial for the 
area of the floor of the patio not including the brick border. (Lesson 10.3) 


IN 1866, Gregor Mendel identified the pattern in which pea plants passed their 
characteristics on to the next generation of plants. In Lesson 10.3, you used special 
products to model genetic patterns, as shown in Punnett squares. 


Mendel identified the pattern for pea plants by breeding many plants under identical 
circumstances. This enabled him to calculate the experimental probability 
that a given generation of pea plants would have a given characteristic. 


Use the table. Find the experimental probability. (see p. 115) 
1. In trial 1, what is the probability that a pea 
plant is tall? 


2. In trial 2, what is the probability that a pea 
plant is short? Trial 2 81 


Short plants Tall plants 
121 
235 


Trial 1 39 


TODAY, knowledge of genetics helps researchers grow disease-resistant crops, more 
nutritious vegetables, taller trees, and more varieties of flowers. 


Machinery dramatically 
increases farm production. 
; fi 


, AN 
2 1860-1890 Nh i ads 


4 


Nobel Prize for her work on 
the genetics of corn. 


z Barbara McClintock receives -... 
MW eh 
up . 
\ 


i. George Washington Carver heads 
Agriculture Dept. at Tuskegee Institute. 
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Solving Polynomial Equations 
in Factored Form 


@2U® sorvine Factorep Equations 


What you NN a... .cusecsscresusaconcosasovevsoconsnessoseneaconsnsecancncecesensoasenseessentosasensesstonsaceseeoeres 


GOAL 1} Solve a polynomial In Chapter 9 you learned how to solve quadratic equations in standard form. 
equation in factored form. 


GOD Relate factors and 
x-intercepts. In this lesson you will learn how to solve quadratic and other polynomial 

equations in factored form. A polynomial is in factored form if it is written 

Why you should learn it —_as the product of two or more linear factors. 


Standard form: 2x7 + 7x — 15 = 0 


V To solve real-life problems Factored form: (2x — 3)(x + 5) = 0 
like estimating the dimensions 
of the Gateway Arch in Factored form: (2x — 3)(x + 5)(x — 7) = 0 
Exs. 55 and 56. L& 
C ACTIVITY SESSSSSSESEESESSSHEEHESESHEESEHEEEESESESESESESEESEEEEEEEEEEEEEEEEEESEEHEEEEEEEEEEE 
= _ 


Developin yee : 
Concenise Investigating Factored Equations 


@ Copy and complete the table by substituting the x-values into the given 
expression. 


(«- 3)@+2) (—6)(-1)=6 a ? a ? ? ? 

(a+ De + 3) 2 7 2 ? ? ‘ ? 

= 2 =2) ? ? ? ? ? ? ? 

(o=— Tees 2) ? és ? ? ? ? a 
® Use the table to solve each of the following equations. 

aG— JG 20 b. & + 1I)@ + 3) =0 

c. & — 2)(x — 2) =0 d. & — 1) + 2) =0 


© Write a general rule for solving an equation that is in factored form. 


In this activity, you may have noticed that the product of two factors is zero only 
when at least one of the factors is zero. This is because the real numbers satisfy 


ZERO-PRODUCT PROPERTY 


Let aand bbe real numbers. If ab = 0, then a= Oor b=0. 


Examples 1, 2, and 3 show how to use this property to solve factored equations. 


10.4 Solving Polynomial Equations in Factored Form 


EXAMPLE 1 } Using the Zero-Product Property 


Solve the equation (x — 2)(x + 3) = 0. 


SOLUTION Use the zero-product property: either x — 2 =O orx + 3 = 0. 
(x — 2)(x + 3) =0 Write original equation. 


x-2=0 Set first factor equal to 0. 
x=2 Solve for x. 
x+3=0 Set second factor equal to 0. 
x=-3 Solve for x. 


} The solutions are 2 and —3. Check these in the original equation. 


GEV) Solving a Repeated-Factor Equation 


Solve (x + 5)* = 0. 


SOLUTION 


This equation has a repeated factor. To solve the equation you need to set only 
x + 5 equal to zero. 


(x + 5) =0 Write original equation. 
x+5=0 Set repeated factor equal to 0. 
x=-5 Solve for x. 


> The solution is —5. Check this in the original equation. 


GEE) Solving a Factored Cubic Equation 


Solve (2x + 1)(3x — 2)(x — 1) = 0. 


SOLUTION 
(2x + 1)(3x — 2)(x-— 1) =0 Write original equation. 


2x+1=0 Set first factor equal to 0. 


x= 2 Solve for x. 


A polynomial equation in 


one variable can have as 3x —-2=0 Set second factor equal to 0. 
many solutions as it has — 2 eileotiede 
linear factors that 3 : 
include the variable. As 
you saw in Example 2, an x—-—1=0 Set third factor equal to 0. 
equation may have fewer 

x=1 Solve for x. 


solutions than factors if a 
factor is repeated. 12 
> The solutions are 33> and 1. Check these in the original equation. 
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PGOAL 2) RELATING FACTORS AND X-INTERCEPTS 


SUMMARY 


FACTORS, SOLUTIONS, AND X-INTERCEPTS 


For any quadratic polynomial ax* + bx + c, if one of the following statements 
is true, then all three statements are true. 


* (x — p) is a factor of the quadratic expression ax? + bx + c. 
Example: (x — 4) and (x + 3) are factors of x? — x — 12. 


* x = pisa solution of the quadratic equation ax* + bx +c =0. 
Example: x = 4 and x = —3 are solutions of x* — x — 12 = 0. YT fyeeex-t | 


* pis an x-intercept of the graph of the function y = ax? + bx+ c. 
Example: 4 and —3 are x-intercepts of y = x* — x — 12. 


GIVE) Aelating x-Intercepts and Factors 


y 
y= (x — 3)(x + 2) 


_ To sketch the graph of y = (x — 3)(x + 2): 
Study Tip First solve (x — 3)(x + 2) = 0 to find the 
The statements above 


; x-intercepts: 3 and —2. 
about factors, solutions, 


and x-intercepts Then find the coordinates of the vertex. 
are logically equivalent 
because each statement ¢ The x-coordinate of the vertex is the 
implies the truth of the average of the x-intercepts. 
other statements. Se rl 

7 ~~ 3 


e Substitute to find the y-coordinate. 


— (3 3)(3 + 2) = 25 Sketch the graph by 
4 using the x-intercepts 
and vertex coordinates. 


2 2 


¢ The coordinates of the vertex are (4, -3), 


yo GIVE Using a Quadratic Model 
ways ~~ An arch is modeled by the equation 


y = —0.15(x — 8)(« + 8), with x and y measured 
in feet. How wide is the arch at the base? How 
high is the arch? 


SOLUTION Sketch a graph of the model. 
¢ The x-intercepts are x = 8 andx = —8. 
° The vertex is at (0, 9.6). 


> The arch is 8 — (—8), or 16 feet wide at the 
base and 9.6 feet high. 


10.4 Solving Polynomial Equations in Factored Form 


GUIDED PRACTICE 


PPPS OSES OEE EESEEHE ETOH HEHE EE EEESE TEE EHOEO EEE EOES ETE E ESET EOEEHTETEE ESET EEE EEHHETEEESEEEEEOSEHH EEE EEEEEOELESEOSE TEES EONS 


Vocabulary Check J 1. What is the zero-product property? 
Concept Check / 2. Are 1 and —4 the solutions of (x + 1)(x — 4) = 0? Explain. 

3. Are —5, 2, and 3 the solutions of 3(x — 2)(x + 5) = 0? Explain. 

Tell whether the statement about x? + 12x + 32 is true or false. 
4.x? + 12x + 32 = (x + 4)(x + 8) 
5. x = —4 and x = —8 are solutions of x? + 12x + 32 = 0. 
6. (x + 4) and (x + 8) are factors of x7 + 12x + 32. 
7. The x-intercepts of the graph of y = x” + 12x + 32 are —4 and —8. 


Skill Check / Does the graph of the function have x-intercepts of 4 and —5? 


8. y = 2(« + 4) — 5) 9. y = 4(« — 4@ — 5) 

10. y= —(« — 4) + 5) 11. y = 3(x + 5)(x — 4) 

In Exercises 12-17, use the zero-product property to solve the equation. 
12. (b + 1)(b +3) =0 13. (¢ — 3)(t —5) =0 

14. (x — 7)? =0 15. (y + 9)(y — 2) =0 

16. (3d + 6)(2d + 5) =0 17. (20 ‘ sy =0 


18. Sketch the graph of y = (x — 2)(x + 5). Label the vertex and the x-intercepts. 


PRACTICE ano APPLICATIONS 


a ZERO-PRODUCT PROPERTY Use the zero-product property to solve 
Extra Practice me equation: 
to help you master 19. (x + 4)(x + 1) =0 20. (y + 3)? =0 21. (t + 8)(t — 6) =0 
skills is on p. 806. 
22. (w — 17)*7 =0 23.(b-9)(b+8)=0 24.(d+7) =0 
25. (y — 2)(y + 1) =0 26. (z + 2)(z + 3) =0 27. (v—7)(v— 5) =0 
28.(1+5)r-4)=0  29.4(c + 9° =0 30. (u — 3)(u— 3) =0 
31. (y — 5.6) =0 32. (a — 40)(a + 12) =0 33. 7(b—5)>=0 
SOLVING FACTORED EQUATIONS Solve the equation. 
_ ae 34. (4x — 8)(7x + 21) =0 35. (2d + 8)(3d + 12) =0 
HOMEWORK HELP 36. 5(3m + 9)(5m — 15) =0 37. 8(9n + 27)(6n — 9) = 0 
Example 1: Exs. 19-43 
Example 2: Exs. 19-43 38. (6b — 18)(2b + 2)(2b + 2) = 0 39. (4y — 5)(2y — 6)Gy — 4) = 0 
Example 3: Exs. 38-43 _9)2 = _ 2 = 
Example 4: Exe, 4452 40. (x + 44)(3x — 2)" =0 41. (5x — 9.5)“(3x + 6.3) =0 
Example 5: Exs. 53-58 1, ae 1 = 1 ae: 2\ _ 
42. (52 2) (Fx 6) (ex 1) =0 43. (2n 4) (5 i5) (3 4 0 
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MATCHING FUNCTIONS AND GRAPHS Match the function with its graph. 
A.y=(« 4+ 2)@ —- 4) B.y=(-2)@+4) C.y=(«+ 4) 4 2) 


SKETCHING GRAPHS Find the x-intercepts and the vertex of the graph of 
the function. Then sketch the graph of the function. 


47.y=(«- 4) + 2) 48. y = (x + 5)(x + 3) 49. y = (—x — 2)(x + 2) 
50.y=(—x-—1)(%+7) 51.y=(@-—2)@—-6) 52. y = (-x + 4)(x + 3) 


_ ®%) RADIOTELESCOPE In Exercises 53 and 54, use the cross section of the 
genes Cana nee radio telescope dish shown below. 


Visit our Web site The cross section of the telescope’s . 
www.mcdougallittell.com dish can be modeled by the polynomial 
for help with Exs. 53-58. function 


— 167 
y= 5002 (x + 500)(x — 500) 
where x and y are measured in feet, and 
the center of the dish is where x = 0. 


53. Explain how to use the algebraic model to find the width of the dish. 


54. Use the model to find the coordinates of the center of the dish. 


% GATEWAY ARCH In Exercises 55 and 56, use the following information. 
The Gateway Arch in St. Louis, Missouri, has the shape of a catenary (a U-shaped 
curve similar to a parabola). It can be approximated by the following model, where 
x and y are measured in feet. > Source: National Park Service 


FOCUS ON 


APPLICATIONS Gateway Arch model: y = san + 300)(x — 300) 


55. According to the model, how far apart are the legs of the arch? 
56. How high is the arch? 
% BARRINGER METEOR CRATER In Exercises 57 and 58, use the following 


equation, where x and y are measured in meters, to model a cross section 
of the Barringer Meteor Crater, near Winslow, Arizona. 


ay THE BARRINGER > Source: Jet Propulsion Laboratory 
METEOR CRATER 1 
was formed about 49,000 Barringer Meteor Crater model: y = 7300 — 600)(x + 600) 


years ago when a nickel and 
iron meteorite struck the 
desert at about 25,000 miles 
per hour. 58. What is the depth of the crater? 


57. Assuming the lip of the crater is at y = 0, how wide is the crater? 


10.4 Solving Polynomial Equations in Factored Form 


Ody 
Test = 59. MULTI-STEP PROBLEM You sell hot dogs for $1.00 each at your concession 
Prep aration stand at a baseball park and have about 200 customers. You want to increase 
the price of a hot dog. You estimate that you will lose three sales for every 
$.10 increase. The following equation models your hot dog sales revenue R, 
where n is the number of $.10 increases. 


Concession stand revenue model: R = (1 + 0.1n)(200 — 3n) 


a. To find your revenue from hot dog sales, you multiply the price of each 
hot dog sold by the number of hot dogs sold. In the formula above, what 
does 1 + 0.11 represent? What does 200 — 3n represent? 


b. How many times would you have to raise the price by $.10 to reduce your 
revenue to zero? Make a graph to help find your answer. 


c. Decide how high you should raise the price to make the most money. 
Explain how you got your answer. 


* Chal lenge 60. Writing Write your own multi-step problem about selling a product like the 
one in Exercise 59. Include a model that shows the relationship between price 
and number of items sold. Explain what each factor in the model represents. 


MIxeD REVIEW 


COCO O EEE O HEHEHE EEE EEE EEE E EEE EEE E EEE EEE E EEE EEE EEE EE EEE EEEE SHEET TEES EEE EEE EEE EE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEHEEEEEEEESE 


DECIMAL FORM Rewrite in decimal form. (Review 8.4) 
61. 2.1 10° 62. 4.443 X 10-7 63. 8.57 x 10° 64. 1.25 x 10° 
65. 3.71 X 10> 66. 9.96 X 10° 67.7.22X 10+ 68. 8.17 X 10’ 


MULTIPLYING EXPRESSIONS Find the product. (Review 10.2 for 10.5) 


69. (x — 2)(x — 7) 70. (x + 8)(x — 8) 71, (x — 4)(x + 5) 
72. (x + 6)(x — 7) 73. (» + 2) (» — 3) 74. (x - 32 - *) 
75. (2x + 7)(3x — 1) 76. (5x — 1)(5x + 2) 77. (3x + 1)(8x — 3) 
78. (2x — 4)(fx - 2} 79. (x + 10)(x + 10) 80. (3x + 5)(3x — 3) 


EXPONENTIAL IVIODELS Tell whether the situation can be represented by a 
model of exponential growth or exponential decay. Then write a model 
that represents the situation. (Review 8.5, 8.6) 


81. % COMPUTER PRICES From 1996 to 2000, the average price of a 
computer company’s least expensive home computer system decreased by 
16% per year. 


82. % MUSIC SALES From 1995 to 1999, the number of CDs a band sold 
increased by 23% per year. 


83. % COOKING CLUB From 1996 to 2000, the number of members in the 
cooking club decreased by 3% per year. 


84. % INTERNET SERVICE From 1993 to 1998, the total revenues for a 
company that provides Internet service increased by about 137% per year. 
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© ACTIVITY 10.5 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
algebra tiles 


Group Activity for use with Lesson 10.5 


Modeling the Factorization of x7 + bx +c 


> QUESTION How can you model the factorization of a trinomial of the 
form x? + bx + cusing algebra tiles? 


> EXPLORING THE CONCEPT 


You can use algebra tiles to create a model that can be used to factor a trinomial 
that has a leading coefficient of 1. Factor the trinomial x* + 5x + 6as follows. 


@ Use algebra tiles to model x” + 5x + 6. 


pe tk 5x + 


(2) With the x7-tile at the upper left, arrange the x-tiles and the 1-tiles around 
the x-tile to form a rectangle. 


(3) The width of the rectangle is _?_, and the length of the rectangle is _? . 
Complete the statement: x7 + 5x +6=_2.+2. 


> EXERCISES 


Use the model to write the factors of the trinomial. 


‘RET «= RTEEEEE 
& 


In Exercises 3-8, use algebra tiles to factor the trinomial. Sketch 
your model. 


See Eee 4.x7+6x+8 5.x7 + 8x +15 
6.x7 + 6x+9 7.x7+4x+4 oe 4 7bs 26 10 


9. Use algebra tiles to show why the trinomial x7 + 3x + 4 cannot be factored. 


10.5 Concept Activity 


Factoring x2 + bx+c 


GQ) Factorine a Quapratic TRINOMIAL 


ee onsccesecsesannreetenssnnrsecnnevenanensscentecutanneeecensqanannereeceneesnantesecenecaanannesenes 


Factor a quadratic To factor a quadratic expression means to write it as the product of two linear 
ales of the form expressions. In this lesson, you will learn how to factor quadratic trinomials that 
x + OX + ©. have a leading coefficient of 1. 


GQMD Solve quadratic 


equations by factoring. PA ATORING SZ BSS 


ou should learn it 
Why You know from the FOIL method that (x + p)(x + q) =x* + (p + q)x + pq. 


V To help solve real-life So to factor x* + bx + c, you need to find numbers p and q such that 
problems, such as finding the 


width of a stone border in p+q=b and pq=c 


Example 7. 
Ser 
, : £ 


because x* + (p + q)x + pq = x* + bx + cif and only if p + q = band 
pq =e. 
Example: x? + 6x + 8 = (x + 4)(x + 2) 4+2=6and4-:2=8 


EXAMPLE 1 } Factoring when b and c are Positive 


Factor x? + 3x + 2. 


SOLUTION 


For this trinomial, b = 3 and c = 2. You need to find two numbers whose 
sum is 3 and whose product is 2. 


x7 +3x4+2=(x+p)(x+Qq) Find p and q when p + q = 3 and pq = 2. 
= (x + 1)@ + 2) p=1andq=2 
WA CHECK: You can check the result by multiplying. 
(x + 1)(xt+2)=x7 +2x+x4+2 Use FOIL to check. 
=7+3x+2 Simplify. 


T EXAMPLE 2 ] Factoring when b is Negative and c is Positive 


Factor x* — 5x + 6. 


SOLUTION 


Because b is negative and c is positive, both p and g must be negative numbers. 
Find two numbers whose sum is —5 and whose product is 6. 


x7 -5x+6= (x + p)(x + q) Find p and g when p + q = —5S and pq = 6. 
= (x — 2) — 3) p=-—2and q= -3 
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Sr uae T EXAMPLE 3 | Factoring when b and c are Negative 
£° gh, HOMEWORK HELP 


Visit our Web site 
www.mecdougallittell.com 
for extra examples. 


Factor x2 — 2x — 8. 


SOLUTION For this trinomial, b = —2 and c = —8. Because c is negative, you 
know that p and qg cannot both have negative values. 


x? — 2x —-8=(x+ p)(x + q) Find p and g when p + g = —2 and pq = —8. 
= (x + 2)(x — 4) p=2andq=—4 
WA CHECK: Use a graphing calculator. 


Graph y = x? — 2x — 8 and 
y = (x + 2)(« — 4) on the same screen. 


The graphs coincide, so your answer 
is correct. 


EXAMPLE 4) Factoring when b ts Positive and c is Negative 


Factor x2 + 7x — 18. 


SOLUTION For this trinomial, b = 7 and c = —18. Because c is negative, you 
know that p and qg cannot both have negative values. 


x7 + 7x — 18 = (x + p)(x + q) Find p and qwhen p + q=7 and pq = —18. 
= (x + 9)(x — 2) p=9and q=-2 


It is important to realize that many quadratic trinomials with integer coefficients 
ino: Back cannot be factored into linear factors with integer coefficients. A quadratic 
For help with finding the trinomial x7 + bx + c can be factored (using integer coefficients) only if the 
discriminant, see p. 541. discriminant 1s a perfect square. 


EXAMPLE 5 } Using the Discriminant 


Tell whether the trinomial can be factored. 
ax? +3x—-4 b. x7 + 3x — 6 
SOLUTION Find the discriminant. 
a. b* — 4ac = 3° — 4(1)(—4) a=1,b=3,andce=—4 
= 25 Simplify. 
> The discriminant is a perfect square, so the trinomial can be factored. 
b. b? — 4ac = 37 — 4(1)(-6) a=1,b=3,andc=—-6 
= 33 Simplify. 


> The discriminant is not a perfect square, so the trinomial cannot be factored. 


10.5 Factoring x2 + bx +c 


PGOAL 2) SOLVING QUADRATIC EQUATIONS BY FACTORING 


EXAMPLE 6 } Solving a Quadratic Equation 


x? — 3x = 10 Write equation. 
x? — 3x — 10 =0 Write in standard form. 
(x — 5)@+ 2) =0 Factor left side. 
(x — 5) =Oor(x+ 2) =0 Use zero-product property. 
x—-5=0 Set first factor equal to 0. 
x=5 Solve for x. 
x+2=0 Set second factor equal to 0. 
x=-2 Solve for x. 


} The solutions are 5 and —2. Check these in the original equation. 


PC 839) Writing a Quadratic Model 
LANDSCAPE DESIGN You are putting - x 15 


a stone border along two sides of a 
rectangular Japanese garden that 
measures 6 yards by 15 yards. Your 
budget limits you to only enough 
stone to cover 46 square yards. 
How wide should the border be? 


SOLUTION 
Begin by drawing and labeling a diagram. 


FOCUS ON 


CAREERS 
Area of} __ Total _ Garden 
=: border area area 


46 = (x + 15)(x + 6) — (15)(6) Write quadratic model. 
46 = x* + 21x + 90 — 90 Multiply. 
0 =x? + 21x — 46 Write in standard form. 
ir 0 = (&« + 23)(x — 2) Factor. 
gx (x + 23) = 0 or(x — 2) = 0 Use zero-product property. 
LS 
ay LANDSCAPE x+23=0 Set first factor equal to 0. 
DESIGNERS 
plan and map out the x= —23 Solve for x. 
appearance of outdoor 
spaces like parks, gardens, x—-—2=0 Set second factor equal to 0. 
golf courses, and other geo a ae 
recreation areas. 
Sof CAREER LINK b The solutions are —23 and 2. Only x = 2 is a reasonable solution, because 
www.mcdougallittell.com negative values for dimension do not make sense. Make the border 2 yards wide. 
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GUIDED PRACTICE 


POCO SEES TELE HEHE EEEOEHE TELE HEE EEEEEEH ET EE EHEC EESOES EEOC ESOT EOEEESE TEE ESEE OTE OEEEHETEE ESET ESEEEDE LEE ESOL OEEESEOES 


Vocabulary Check J 1. What does it mean to factor a quadratic expression? 


Concept Check J 2. Factor x” — 4x + 3. When testing possible factorizations, why is it 
unnecessary to test (x — 1)(x + 3) and (x + 1)(x — 3)? 


3. Factor x7 + 2x — 3. When testing possible factorizations, why is it 
unnecessary to test (x — 1)(x — 3) and (x + 1)(x + 3)? 


4. Can a trinomial x? + bx + c, where b and c are integers, be factored with 
integer coefficients if its discriminant is 35? Explain. 


Skill Check JY Match the trinomial with a correct factorization. 


5.x? — x — 20 A. (x + 5)(x — 4) 
6.x7 +x — 20 B. (x + 4)(x + 5) 
7.x? + 9x + 20 C. (x — 4)(x — 5) 
8. x7 — 9x + 20 D. (x + 4)(x — 5) 


Use the discriminant to decide whether the equation can be solved by 
factoring. Explain your reasoning. 


ne ee ee ee 10. x7 — 4x -5=0 11. x* — 4x -6=0 


PRACTICE ano APPLICATIONS 


COCO HEHEHE EEE EHH EEE EEE E EE EEEEE EE EEH EEE EOEEEEEEEEE EEE EEEOEEEEEEESE EEE SEES EEE SEES EEEEEEEEEEESEEEEEEEESEEEOEEESEEEEOOS 


FACTORED FORM Choose the correct factorization. If neither is correct, 
: find the correct factorization. 
Extra Practice 
to help you master 12. x% + 7x+ 12 13. x7 — 10x + 16 14. x* + 11x — 26 
skills is on p. 806. 
A. (x + 6)(x + 2) A. (x — 4) — 4) A. (x — 13)(x + 2) 
B. (x + 4)(x + 3) B. (x — 8)(x — 2) B. (x — 13)(x — 2) 
FACTORING TRINOMIALS Factor the trinomial. 
15. x7 + 8x —9 16. 7 — 10¢ + 21 17. b? + 5b — 24 
18. w* + 13w + 36 19. y> — 3y — 18 20. c? + 14c + 40 
21. m? — 7m — 30 22. 32 + 12n +n? 23. 44 — 155 + s* 
24. 2 + 65z + 1000 25. x* — 45x + 450 26. d* — 33d — 280 


SOLVING QUADRATIC EQUATIONS Solve the equation by factoring. 


ana 27.x*7°+7x+10=0 28. x7 + 5x -— 14=0 29. x* — 9x = -14 
HOMEWORK HELP 


Examples 1-4: 30. x7 + 32x = —220 31.x7 + 16x = —15 32.x7 + 3x = 54 
Exs. 12-26, 48-51 2 2 2 
Example 5: Exs. 42-47 33. x° + 8x = 65 34. —x + x* = 56 35. x — 20x = —51 
Example 6: Exs. 27-41 2 we 2 _ os 22: = a 
Example 7: Exs. 56-60 36. x 5x = 84 37. x° + 3x — 31 3 38. x" — 2x — 19 4 
39.x7 x —8 =82 40. x” + 42 = 13x 41. x? — 9x + 18 = 2x 


10.5 Factoring x2 + bx+c 


i TABLE OF FORMULAS 


For help with area, see 
the Table of Formulas, 
p. 813. 


FOCUS ON 
APPLICATIONS 


Je TAS MAHAL 
Ss It took more than 
20,000 daily workers 22 years 
to complete the Taj Mahal 
around 1643 in India. 
Constructed primarily of 
white marble and red 
sandstone, the Taj Mahal is 
renowned for its beauty. 


SiN; 
in APPLICATION LINK 
www.mcdougallittell.com 


USING THE DISCRIMINANT Tell whether the quadratic expression can be 
factored with integer coefficients. If it can, find the factors. 


42. 1° + 7t — 144 43. y* + 19y + 60 44.x7 — 11x +24 
45. w* — 6w + 16 46. 2° — 26z — 87 47. b* + 14b + 35 


2 CHECKING GRAPHICALLY Solve the equation by factoring. Then use 
=5 a graphing calculator to check your answer. 


48. x* — 17x + 30=0 49. x7 + 8x = 105 

50. x? — 20x + 21 =2 51. x + 52x + 680 = 40 

WRITING EQUATIONS Write a quadratic equation with the given solutions. 
52. 12 and —21 53. —5 and —6 54. —41 and 5 55. 427 and 0 


(}=(0))'//3;\ CONNECTION In Exercises 56-58, consider a rectangle having one 
side of length x — 6 and having an area given by A = x2 — 17x + 66. 


56. Use factoring to find an expression for the other side of the rectangle. 
57. If the area of the rectangle is 84 square feet, what are possible values of x? 
58. For the value of x found in Exercise 57, what are the dimensions of the 


rectangle? 


CONNECTION Consider a circle whose radius is greater than 9 and 
whose area is given by A = a(x? — 18x + 81). (Use 7 ~ 3.14.) 


59. Use factoring to find an expression for the radius of the circle. 


60. If the area of the circle is 12.56 square meters, what is the value of x? 


‘4 MAKING A SIGN In Exercises 61 and 62, a triangular sign has a base 
that is 2 feet less than twice its height. A local zoning ordinance restricts 
the surface area of street signs to no more than 20 square feet. 


61. Write an inequality involving the height of the triangle that represents the 
largest triangular sign allowed. 


62. Find the base and height of the largest triangular sign that meets the zoning 


ordinance. 
|_| — Building 
Platform 


ro 


 THETAJ MAHAL In Exercises 63 and 64, 
refer to the illustration at the right of the 
Taj Mahal. 


63. The platform is about 38 meters wider than 
the main building. The total area of the 
platform is about 9025 square meters. Find 
the dimensions of the platform and the base 
of the building. (Assume each is a square.) 


64. The entire complex of the Taj Mahal is 
about 245 meters longer than it is wide. 
The area of the entire complex is about 
167,750 square meters. What are the 
dimensions of the entire complex? Explain 
your steps in finding the solution. 
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Test €3> 


Preparation 


* Challenge 
www.mcdougallittell.com 


MIxeD REVIEW 


65. IIULTIPLE CHOICE The length of a rectangular plot of land with an area of 
880 square meters is 24 meters more than its width. A paved area measuring 
8 meters by 12 meters is placed on the plot. If w represents the width of the 
plot of land in meters, which of the following equations can be factored to 
find possible values of the width of the land? 


@ w? + 24w = 880 w? — 24w = 880 
& w* + 24w = —880 CD w” — 24w = —880 


66. IVIULTIPLE CHOICE A triangle’s base is 16 feet less than 2 times its height. If 
h represents the height in feet, and the total area of the triangle is 48 square 
feet, which of the following equations can be used to determine the height? 


@ 2h + 2(h + 4) = 48 CBD h? — 8h = 48 
& h? + 8h = 48 CD) 2h? — 16h = 48 


67. MIULTIPLE CHOICE Which of the following equations does not have 
solutions that are integers? 


@ x? + 21x + 100 = —-10 CB x* — 169 =0 
© x* — 8x - 105 =0 @> x? — 15x — 75 =0 


FACTORING CHALLENGE In Exercises 68-71, nis a positive integer. Factor 
the expression. (Hint: (a”)? = a2") 


68. a" — b*” 69. a" + 2a"b" + b™ 
70. a2" + 18a"b" + 81b7” 71. 5a?" — 9a"b" — 2b7” 


SOROS E EEE SESE EE EEE EE EEE EE EE ESSE EE ESOS EEE EEE EEE SEES SEES EEEEEEEEEEEEEEEEEEEESESEEEEEESEEEEES 


FINDING THE GCF Find the greatest common factor. (Skills Review, p. 777) 


72. 30, 45 73. 49, 64 74. 412, 18 
75. 77, 91 76. 20, 32, 40 77. 36, 54, 162 
MULTIPLYING EXPRESSIONS Find the product. (Review 10.2, 10.3) 

78. 3q(q° — 5q* + 6) 79. (y + 9)(y — 4) 80. (7x — 11)? 

81. (5 — w)(12 + 3w) 82. (3a — 2)(4a + 6) 83. (2b — 4)(b> + 4b? + 5b) 
84, (9x + 8)(9x — 8) 85. (6: - sy 86. (51 — 3)(4t — 10) 


SOLVING FACTORED EQUATIONS Solve the equation. (Review 10.4) 

87. (x +12)(x+7)=0 88 (@+2)(z+3)=0 89. (t — 19)? =0 

90. ( = 2)(6 - 3) =0 91.(x-9)(x-6) =0 92. (y + 47)(y — 27) =0 
93. (c— 1)(4¢ + 2)=0 94. B3a-8)(a+5)=0 95. (4n— 6)? =0 


96. % DISASTER RELIEF You drop a box of supplies from a helicopter at an 
altitude of 40 feet above a drop area. Use a vertical motion model to find the 
time it takes the box to reach the ground. (Review 9.5 for 10.6) 


10.5 Factoring x2 + bx+c 


© ACTIVITY 10.6 


Developing Concepts 


SET UP 
Work in a small group. 


MATERIALS 
algebra tiles 


Group Activity for use with Lesson 10.6 


Modeling the Factorization 
of ax* + bx+c 


> QUESTION How can you model the factorization of a trinomial of the 
form ax? + bx + c using algebra tiles? 


> EXPLORING THE CONCEPT 


You can use algebra tiles to create a model that can be used to factor a trinomial 
that has a leading coefficient other than 1. Factor the trinomial 2x? + 5x +3 
as follows. 


(1) Use algebra tiles to model 2x? + 5x + 3. 
2x? + 5x + 3 


2) With the x7-tiles at the upper left, arrange the x-tiles and the 1-tiles around 
the x-tiles to form a rectangle. 


3] The width of the rectangle is _?_, and the length of the rectangle is _? . 


Complete the statement: 2x7 + 5x +3= 2° 2 


> EXERCISES 

Use algebra tiles to factor the trinomial. Sketch your model. 
1. 2x7 + 9x +9 2. 2x7 + Tx +3 3. 3x7 + 4x + 1 
4. 3x* + 10x + 3 5. 3x7 + 10x + 8 6. 4x? + 5x + 1 


ERROR ANALYSIS The algebra tile model is incorrect. Sketch the correct 
model, and use the model to factor the trinomial. 


Tae ol 8. 2x7 + 4x +2 9. 4x27 + 4x + 1 
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Factoring ax? + bx+c 


GQ Factorine a Quapratic TRINOMIAL 


What. you should learn In this lesson, you will learn to factor quadratic polynomials whose leading 
: coefficient is not 1. Find the factors of a (m and n) and the factors of c (p and q) 
Hu \' Factor a quadratic 


emueselon ot ite tan so that the sum of the outer and inner products (mq and pn) is b. 


ax’ + DxX+. c= pq 
Solve quadratic ax? + bx + ¢ = (mx + p)(nx + q) b= mq + pn 


equations by factoring. 


Why y ou should learn it a=nin 


V To help solve real-life 20=5-4 

problems, such as finding 

the time it takes a cliff diver Example: 6x7 + 22x + 20 = (3x + 5)(2x + 4) 22 = (3-4) + (5-2) 
to reach the water in 


Example 6. 


os a 6=3°2 
nt 
se P EXAMPLE 1 } One Pair of Factors for a and c 


Factor 2x? + llx + 5. 


- 


SOLUTION Test the possible factors of a (1 and 2) and c (1 and 5). 
Trya =1*2andce =1°5. 
(Ix + 1)(2x + 5) = 2x7 + 7x45 Not correct 
Now trya = 1+*2andec = 5°1. 
(Ix + 5)(2x +1) =2x*+11x+5 Correct 
> The correct factorization of 2x7 + llx + 5 is (x + 5)(2x + 1). 


T EXAMPLE 2] One Pair of Factors for a and c 


Factor 3x” — 4x — 7. 


SOLUTION 

FACTORS OF a AND c PRODUCT CORRECT? 
a= 1+3andc = (—1)(7) (x — 1)(x + 7) = 3x7 + 4x -—7 No 
a= 1+3andc = (7)(-1) (x + 7)(3x — 1) = 3x7 + 20x — 7 No 
a= 1*3andc = (1)(-7) (x + 1)(x — 7) = 3x? — 4x -—7 Yes 
a= 1*3andc = (—7)(1) (x — 7)(x + 1) = 3x? — 20x — 7 No 


> The correct factorization of 3x7 — 4x — 7 is (x + 1)(3x — 7). 


10.6 Factoring ax? + bx+c 


T EXAMPLE 3 } Several Pairs of Factors for a and c 


Factor 6x? — 19x + 15. 


SOLUTION 


Both factors of c must be negative, because b is negative and c is positive. 
Test the possible factors of a and c. 


FACTORS OF aAND c PRODUCT CORRECT? 
a=1+6andc = (—1)(-15) — (w — 1)(6x — 15) = 6x” — 21x + 15 No 
a=1*6andc =(—15)(-1) — (x — 15)(6x — 1) = 6x7 — 91x + 15 No 
a= 1+*6andc = (—3)(-5) (x — 3)(6x — 5) = 6x” — 23x + 15 No 
a= 1°6andc = (—5)(—3) (x — 5)(6x — 3) = 6x? — 33x + 15 No 
a=2+3andc =(-1)(-15) = (2x — 1)x — 15) = 6x” — 33x + 15 No 
a=2°3andc = (—15)(-1) (2x — 15)(3x — 1) = 6x? — 47x + 15 No 


a = 2+3andc = (—3)(—5) (2x — 3)(3x — 5) = 6x? — 19x + 15 Yes 
a = 2+3andc = (—5)(—3) (2x — 5)(3x — 3) = 6x? — 21x + 15 No 


> The correct factorization of 6x7 — 19x + 15 is (2x — 3)(3x — 5). 


EXAMPLE 4 } A Common Factor for a, b, and c 


Factor 6x? — 2x — 8. 


SOLUTION 


Begin by factoring out the common factor 2. 
6x" — 2x — 8 = 2(3x* — x — 4) 


Now factor 3x” — x — 4 by testing the possible factors of a and c. 


FACTORS OF aAND c PRODUCT CORRECT? 
a=1+3andc = (-1)(4) (x — 1x +4) = 3x7 +x-4 No 
a=1-3andc = (4-1) (x + 4)(Gx — 1) = 3x7 + 11x -4 No 
a=1-+3ande = (1)C-4) (x + I) Gx — 4) = 3x*-x-4 Yes 

Study Tip a= 1+3andc = (-4)(1) (x — 4)(3x + 1) = 3x? - 11x —4 No 
You may find it easier to a= 1*3andc = (—2)(2) (x — 2)(3x + 2) = 3x* —4x-—4 No 
factor quadratic trino- . 
mials that have positive a=1+3andc = (2)(—2) (x + 2)(3x — 2) = 3x° + 4x —4 No 
leading coefficients. If 
the leading coefficient > The correct factorization is 6x7 — 2x — 8 = 2(x + 1)(3x — 4). 
is negative, factor out 
—\first.Forinstance, = ‘ccs*rsrsete? 

—2x? + 3x-1= 
(—1)(2x? — 3x + 1). In Examples 1| through 4, each test is shown for the sake of completeness. But 


when you factor, you can stop testing once you find the correct factorization. 
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Jig 


[, Look Back 


For help with using a 
vertical motion model, 
see p. 535. 


PGOAL 2) SOLVING QUADRATIC EQUATIONS BY FACTORING 


ARERR EERE EERE EEE EEE EEE EEE EEE EEE EE EEE EE EEE HEHEHE HEHEHE E EEE EE EEE EEE HEHEHE EEE EEE EEE HEHE EEEEES 


TEXAMPLE 5 Solving a Quadratic Equation 


Qin? + 14n+7=6n+ 11 Write equation. 
21n? + 81 -4=0 Write in standard form. 
(3n + 2)(7n — 2) =0 Factor left side. 


(3n+2)=0 or (7n—2)=0 Use zero-product property. 


3n +2=0 In -2=0 
_~_2 = 
” 3 ne G 


> The solutions are -$ and 2 


WV CHECK Substitute -< aud 5 eno? + iat = 604211. 


2i(-3)° ! 14(-2) ! = 6( 2) +11 


GED Writing a Quadratic Model 


When a diver jumps from a ledge, the vertical component of his motion can be 
modeled by the vertical motion model. Suppose the ledge is 48 feet above the 
ocean and the initial upward velocity is 8 feet per second. 
How long will it take until the diver enters the water? 


t=0, v= 8 ft/sec 


SOLUTION Use a vertical motion model. 
Let v = 8 and s = 48. “ 


h=-—16+t+5s Vertical motion model 


= —1617+ 81+ 48 Substitute values. 


To find the time when the diver enters the water, height (ft) 
let h = 0 and solve the resulting equation for f. 


= —16t7 + 8t + 48 Write quadratic model. 
(—8)(27 — t — 6) Factor out —8. 
(—8)(t — 2)(2t + 3) Factor. 


0 
0 
0 


4 Not drawn to scale 
> The solutions are 2 and > Negative values for time do not make sense, so 


the only reasonable solution is t = 2. It will take the diver 2 seconds. 


10.6 Factoring ax? + bx +c 


GUIDED PRACTICE i cccssssuntsesnsnetneuetnetetnetnenasnenete 
Concept Check J 1. Tell whether the following statement is true or false. If (5x — 1)(x + 3) = 1, 
then 5x — 1 = 1 orx + 3 = 1. Explain. 


2. ERROR ANALYSIS Describe the error 
at the right. Then solve the equation by 
factoring correctly. 


3. Can a quadratic expression be factored 
if its discriminant is 1? Explain. 


4. The sum of a number and its square is 
zero. Write and solve an equation to 
find numbers that fit this description. 


Skill Check i Match the trinomial with the correct factorization. 


5. 3x2 — 17x — 6 A. (3x + 2)(x + 3) 
6. 3x7 + 7x — 6 B. (3x + 1)(x — 6) 
7. 3x7 + 11x + 6 C. (3x — 1)(x + 6) 
8. 3x° + 17x — 6 D. (3x — 2)(x + 3) 


Use the discriminant to decide whether the expression can be factored. If it 
can be factored, factor the expression. 


9. 2x7 — 3x —2 10. —3y* —4y +7 11. 6t7 — 44-5 


Solve the equation. 
12. 3b7 + 26b+35=0 13. 277+ 15z=8 14. —7n? — 40n = —12 


PRACTICE ano APPLICATIONS 


CPPCC E EEO EE EEE EEE EEE EEE EEE EEE EEE EE EE EEE EEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 


FACTORIZATIONS Choose the correct factorization. If neither is correct, find 
the correct factorization. 
Extra Practice 
to help you master 15. 3x7 + 2x — 8 16. 6y* — 29y — 5 17. 4w* — 14w — 30 
skills is on p. 806. 
A. (3x — 4) + 2) A. (2y + 1)(3y — 5) A. (2w + 3)(2w — 10) 
B. (3x — 4)(x — 2) B. (6y — 1)(y + 5) B. (4w + 15)(w — 2) 


FACTORING TRINOMIALS Factor the trinomial if possible. If it cannot be 


_ ae factored, write not factorable. 
HOMEWORK HELP 18. 377 + 16¢+ 5 19. 6b? — 11b — 2 20. 4n* — 26n — 42 


Example 1: Exs. 15-32 


Example 2: Exs. 15-32 21. 5w* — 9w - 2 22. 4x7 + 27x + 35 23. 6y” — lly — 10 
Example 3: Exs. 15-32 2 - 2 L 2 
Example 4: Exs. 15-32 24. 6x" — 21x -—9 25. 3c“ — 37c + 44 26. 10x“ + 17x + 6 
Example 5: Exs. 33-47 27. 14y — 1Sy + 4 28. 42? + 32z + 63 29. 61? + t— 70 
Example 6: Exs. 64-66 

30. 8b? + 2b — 3 31. 227 + 19z — 10 32. 12m? + 48m + 96 
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STUDENT HELP 


+> Look Back 

For help with using 
square roots to solve 
quadratic equations, 
see p. 505. 


‘> For help with the 
quadratic formula, 
see p. 533. 


N, 
le sey HOMEWORK HELP 


4 Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 64-66. 


SOLVING EQUATIONS Solve the equation by factoring. 
33.2x7-9x-35=0 34.7x7-10x+3=0  35.3x7+34x+ 11=0 
36. 4x7 -—21x+5=0 37.2x7-17x-19=0 38. 5x*— 3x—- 26=0 
39. 2x7 + 19x = —24 40. 4x7 — 8x = —3 41. 6x" — 23x = 18 

42. 8x* — 34x + 24 = -11 43. 10x? +x — 10 = —2x + 8 

44. 28x* — 9x —1= —4x +2 45. 24x? + 39x + 15 =0 

46. 30x” — 80x + 50 = 7x — 4 47. 18x” — 30x — 100 = 67x + 30 


CHOOSING A METHOD Solve the equation by factoring, by finding square 
roots, or by using the quadratic formula. 


48. 2 = 4 49. x7 — 10x = —25 50. y> — 7y + 6 = -6 


16 
51. 4n2 + 2n = 0 

54. 9x7 — 19 = —3 
57. 56w* — 6lw = 22 


53. 35b* — 61b + 24 =0 
56. 8c* — 27c — 24 = —6 
59. 247? + 46z — 55 = 10 


52. 1217 = 0 
55. 20d? — 10d = 100 
58. 3n7 + 12n +9 =-1 


MULTIPLY AND SOLVE Multiply each side of the equation by an appropriate 
power of ten to obtain integer coefficients. Then solve by factoring. 


60. 0.8x? + 3.2x + 2.40 = 0 61. 0.2317 — 0.544 + 0.16 =0 
62. 0.3n* — 2.2n + 8.4=0 63. 0.119y” — 0.162y + 0.055 = 0 


VERTICAL COMPONENT OF IVIOTION In Exercises 64—66, use the vertical 
motion model h = —16t? + vt + s, where his the height (in feet), tis the 
time in motion (in seconds), vis the initial velocity (in feet per second), and 
sis the initial height (in feet). Solve by factoring. 


64. ® Gymnastics A gymnast 
dismounts the uneven parallel bars at a 
height of 8 feet with an initial upward 
velocity of 8 feet per second. Find the 
time ¢ (in seconds) it takes for the 
gymnast to reach the ground. Is your 
answer reasonable? 


65. (§ CIRCUS ACROBATS An acrobat is 
shot out of a cannon and lands in a 
safety net that is 10 feet above the 
ground. Before being shot out of the 
cannon, she was 4 feet above the ground. She left the cannon with an initial 
upward velocity of 50 feet per second. Find the time f (in seconds) it takes for her 
to reach the net. Explain why only one of the two solutions is reasonable. 


66. % T-SHIRT CANNON At a basketball game, T-shirts are rolled-up into a ball and 
shot from a “T-shirt cannon” into the crowd. The T-shirts are released from a 
height of 6 feet with an initial upward velocity of 44 feet per second. If you catch 
a T-shirt at your seat 30 feet above the court, how long was it in the air before 
you caught it? Is your answer reasonable? 


10.6 Factoring ax? + bx+c 


Test 63 


Preparation 


* Challenge 


www.mcdougallittell.com 


® Warp AND WEFT In Exercises 67 and 68, use the following information. 
In every square inch of sailcloth, the warp Warp 
(lengthwise threads) intersects the weft (crosswise y 
threads) about 9000 times. The density (number 
of threads per inch) of the weft threads to the warp 
threads is about 5 to 2. 


) 


67. Write an equation that you can solve to find 
the number of threads per square inch. Let x 
represent the number of warp threads. 


68. How many threads are there in each 
square inch of sailcloth? 


EXTENSION: WRITING EQUATIONS In Exercises 69-72, you are tutoring a 
friend and want to create some quadratic equations that can be solved by 
factoring. Find a quadratic equation that has the given solutions and 
explain the procedure you used to obtain the equation. 


69. 4 and —3 70. 8 and —8 M.-yandz 72, —Tand-8 
73. MULTIPLE CHOICE Which one of the following equations cannot be solved 
by factoring with integer coefficients? 
@ 12x? — 15x — 63 = 0 CB 12x* + 46x - 8 =0 
© 6x* — 38x — 28 = 0 > 8x* — 49x — 68 = 0 


74. MIULTIPLE CHOICE Which one of the following is a correct factorization of 
the expression — 16x? + 36x + 52? 


CAS (= 16e + 26) = 2) (—4x — 13)(4x + 4) 
C& —1(4x — 13)(4x + 4) @® —1(4x — 4)(4x + 13) 
75. MIULTIPLE CHOICE Which one of the following is a solution of the equation 
iy = Ve 6= 02 
3 
@ -2 =F © -5 D5 


76. WIULTIPLE CHOICE A pebble is thrown upward from the edge of a building 
132 feet above the ground with an initial upward velocity of 4 feet per 
second. How long does it take to reach the ground? 


CY) 24 seconds 23 seconds C€&) 3 seconds > 6 seconds 


§% SAVING FOR ATRIP You are saving money for a trip to Europe that 
costs $3600. You make an investment of $1000 two years before the trip 
and an investment of $1800 one year before the trip. 
77. Use (1 + r) as a growth factor to write an equation that can be solved to 
find the growth rate r that you need in order to have $3600 at the time 
of the trip to Europe. 


78. Can the equation be solved by factoring? Solve the equation. What 
growth rate do you need in order to have $3600 at the time of the trip 
to Europe? 
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Mixep REVIEW 


COPPER EHH EE HEHEHE EEEEEE 


SOLVING SYSTEMS Use linear combinations to solve the system. (Review 7.3) 


79. 4x + 5y =7 80. 6x — Sy = 3 81. 2x + y = 120 
6x — 2y = —-18 —12x+ 8y=5 x + 2y = 120 


SOLVING INEQUALITIES Decide whether the ordered pair is a solution of 
the inequality. (Review 9.7) 


82. y > 2x7 — x + 7; (2, 15) 83. y = 4x7 — 64x + 92; (1, 30) 
SPECIAL PRODUCT PATTERNS Find the product. (Review 10.3 for 10.7) 

84. (41 — 1)? 85. (b + 9)(b — 9) 86. (3x + 5)(3x + 5) 
87. (2a — 7)(2a + 7) 88. (11 — 6x)? 89. (100 + 27x)? 


90. BASKETBALL The graph shows the 
number of women’s college basketball 
teams from 1985 projected through 2000. 
Which type of model best fits the data? 
> Source: National Collegiate Athletic Association 


(Review 9.8) 


Women’s Basketball Teams 
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Self-Test for Lessons 10.4-10.6 


COOH EEE E EEE HH EEE EEE EEE EEEE EEE EEEEE EE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESD 


Solve the equation. (Lesson 10.4) 
1.(¢4+5)(2x+ 10)=0 2. (4x-— 6)(5x-—20)=0 3. (2x4 7)(3x — 12) =0 


2 
4. (4 +3) =0 5. (2x + 8)? =0 6. «&-4)O+7D&e+D)=0 

Name the x-intercepts and the vertex of the graph of the function. Then 

sketch the graph of the function. (Lesson 10.4) 


ry =(x-Z)@+2) 8By=04+40-4 9. y = (3x — 1) + 2) 
Factor the trinomial. (Lessons 10.5 and 10.6) 
10. y? + 3y —4 11. w* + 13w + 22 12. n> + 16n — 57 
13. x7 + 17x + 66 14. 1? — 411 — 86 15. —45 + 142-2 
16. 12b* — 17b — 99 17. 2t7 + 63t + 145 18. 18d? — 54d + 28 
Solve the equation by factoring. (Lessons 10.5 and 10.6) 
19. y? +5y-6=0 20.n>+26n+25=0 21.17 - 11t= —18 
22. w* — 29w = 170 23.x° + 35x +3=77 24. 2a* + 33a + 136 =0 


25. 15n” + 41n = —14 26. 18b? — 89b = —36 27. 6x2 + x — 96 = 80 


10.6 Factoring ax? + bx +c 


© ACTIVITY 10.7 Modeling the Group Activity for Use with Lesson 10.7 
; . . 2 2 
Maoudeomsns Factorization of (ax)* + 2abx + b 


> QUESTION 


How can you model the factorization of a trinomial of the form (ax)* + 2abx + b’ 
using algebra tiles? 


SET UP 
Work in a small group. 


MATERIALS 
¢ algebra tiles 


> EXPLORING THE CONCEPT 


You can use algebra tiles to create a model that can be used to factor a trinomial 
in which the first and last terms are perfect squares and the middle term is twice 
the product of the square roots of the first and last terms. Factor the trinomial 
x + 6x + 9 as follows. 


1) Use algebra tiles to model x7 + 6x + 9. 


Ga Ge Ga 
ren es 6x 


aE 9 


2] Atrange the tiles to form a square. 


(3) The length of each side of the square is _?.. Complete this statement: 
r+6xt+9=(2)2)=(2) 


> DRAWING CONCLUSIONS 

Use algebra tiles to factor the trinomial. 

1.4°+4x*+4 2.x° + 8x + 16 
3.4.7 + 4x41 4. 4x" + 12x +9 


5. Look for a pattern in the factorizations in Exercises 1-4. Complete this 
statement: a” + 2ab + b? = (2.)(2) = 


Use the pattern from Exercise 5 to factor the trinomial. 
6. 9x7 + 6x + 1 7. 16x? + 56x + 49 8. 49x7 + 28x + 4 


9. Make a conjecture about how to complete this statement: 
a —2ab+ bh? =(2)(2)= 2 
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Factoring Special Products 


PGOAL 1) FACTORING QUADRATIC POLYNOMIALS 


_ What you ili, a_i CLC ee eee 


Use special Each of the special product patterns you studied in Lesson 10.3 can be used to 
product patterns to factor factor polynomials. Note that there are two forms of perfect square trinomials. 


quadratic polynomials. 


HU N'ED Solve quadratic 


equations by factoring. 


FACTORING SPECIAL PRODUCTS 


Why you should learn it DIFFERENCE OF TWO SQUARES PATTERN Example 
Y To solve real-life a® — b? = (a+ b)(a— b) 9x? — 16 = (3x + 4)(3x — 4) 
fivsletus, Gusabesuldelniy ate PERFECT SQUARE TRINOMIAL PATTERN Example 
velocity of a pole-vaulter in 
Exs. 68 and 69. Pile a? + 2ab + b? = (a+ b)? x? + 8x + 16 = (x + 4)? 
=" a* — 2ab + b? =(a— b)? x? — 12x + 36 = (x - 6)? 


EXAMPLE 1 ] Factoring the Difference of Two Squares 


a.m’ — 4 =m? — 2? Write as a? — b?. 
= (m + 2)(m — 2) Factor using pattern. 
b. 4p? — 25 = (2p)? — 5° Write as a” — b?. 
= (2p + 5)(2p — 5) Factor using pattern. 
c. 50 — 98x? = 2(25 = 49x?) Factor out common factor. 
= 2[5? = (7x)?| Write as a? — b?. 


= 2(5 + 7x)(5 — 7x) Factor using pattern. 


T EXAMPLE 2] Factoring Perfect Square Trinomials 


a.x? — 4x + 4 = x7 — 2(x)(2) + 2? Write as a” — 2ab + b’. 


= (x _ 2) Factor using pattern. 


b. l6y? + 24y + 9 = (4y)? + 2(4y)(3) + 37 Write as a? + 2ab + b?. 


= (4y + 3)° Factor using pattern. 

c. 3x7 — 30x + 75 = 3(x? — 10x + 25) Factor out common factor. 
= 3| x? — 2(x)(5) + 5°] Write as a? — 2ab + b’. 
= 3(x- 5)? Factor using pattern. 


10.7 Factoring Special Products 


GVO souvine Quapratic Equations 


ORR R ERE e EERE EEE EEE RHEE HEHE EEE EEE EEE EE EEE EEE EE EEE EE EEE EEE EE EEE EE EEE EEEEEEEE HEHEHE EEE EEE EEE EEE EES 


EXAMPLE 3 } Graphical and Analytical Reasoning 


Solve the equation —2x” + 12x — 18 = 0. 


JRNE 
Le 3, HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 


for extra examples. SOLUTION 
—2x7 + 12x - 18 =0 Write original equation. 
—2(x* — 6x + 9) =0 Factor out common factor. 
2[x? — 2(3x) + 37] =0 Write as a” — 2ab + b’. 
—2(x — 3)? =0 Factor using pattern. 
x—-—3=0 Set repeated factor equal to 0. 
x=3 Solve for x. 


> The solution is 3. 


Y1E-2X2+12X-18 
E0 


WA CHECK: You can check your answer by 
substitution or by graphing. 


Graph y = —2x? + 12x — 18. 


Graph the x-axis, y = 0. 


= Use your graphing calculator’s Intersect 
== feature to find the x-intercept, where 
ax? + 12x 


18 = 0. 


When x=3, —2x2+ 12x— 18 =0, | 
which appears to confirm your solution. 


Intersection 
X=3 Y=0 


PEXAMPLE 4 } Solving a Quadratic Equation 


Solve x7 + x + + = 0. 
Study Tip I 
Another way to solve the etxt ae 0 Write original equation. 
equation in Example 4 is 
to first multiply each side 2, 1 _(1\2_ . ‘ P 
of the equation by 4. This x" 4 2( $x) T | 0) Write as a° + 2ab + b’. 
allows you to work less 
z : 1\2 
with fractions. (» + 5) =0 Factor using pattern. 
e+ xt i =0 
4x*+4x+1=0 Da 5 =0 Set repeated factor equal to 0. 
(2x + 1)? =0 
2x+1=-0 x= 5 Solve for x. 
Sok 
- > The solution is -5. Check this in the original equation. 
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FOCUS ON 
APPLICATIONS 


Je BLOCK AND 

> s TACKLE 

A block and tackle makes it 
easier to lift a heavy object. 
For instance, using a block 
and tackle with 4 pulleys, 
you can lift 1000 pounds with 
only 250 pounds of applied 
force. 


PEXAMPLE 5 Writing and Using a Quadratic Model 


BLOCK ANDTACKLE An object lifted with a rope or wire should not weigh more 
than the safe working load for the rope or wire. The safe working load S$ 

(in pounds) for a natural fiber rope is a function of C, the circumference of the 
rope in inches. 


Safe working load model: 150* C7 = S$ 


You are setting up a block and tackle to lift a 1350-pound safe. What size natural 
fiber rope do you need to have a safe working load? 


SOLUTION Use the model to find a safe rope size. Substitute 1350 for S. 


150C* = S$ Write model. 
150C? = 1350 Substitute. 
150C? — 1350 = 0 Subtract 1350 from each side. 
150(C? —9)=0 Factor out common factor. 
150(C — 3)((C + 3) =0 Factor. 
(C — 3) =O0or(C + 3) =0 Use zero-product property. 
C-—3=0 Set first factor equal to 0. 
Cc=3 Solve for C. 
C+3=0 Set second factor equal to 0. 


C= -3 Solve for C. 


> The negative solution makes no sense. You need a rope with a circumference 
of at least 3 inches. 


GZVHED Writing and Using a Quadratic Model 


If you project a ball straight up from the ground with an initial velocity of 64 feet 
per second, will the ball reach a height of 64 feet? If it does, how long will it take 
to reach that height? 


SOLUTION Use a vertical motion model where v = 64, s = 0, and h = 64. 
—16r7 +t+s=h Vertical motion model 


—16r?7 + 64 + 0 = 64 Substitute for v, s, and h. 


—16t7 + 64t — 64 =0 Write in standard form. 
—16(1? — 44+ 4) =0 Factor out common factor. 
—16(t — 2)? =0 Factor. 
t—2=0 Set repeated factor equal to 0. 
t=2 Solve for t. 


> Because there is a solution, you know that the ball will reach a height of 
64 feet. The solution is t = 2, so it will take 2 seconds to reach that height. 


10.7 Factoring Special Products 


GUIDED PRACTICE 


PPPS OSCE OEE EEEEEEHE TEE E HEHE EE EEE TEE ESOEOEEOSOEHE TEE E SOHO EEO EESSETEE ESET EEEEEES ETE E THEE EESEHHETEEESELOEEESEESELEE SOON 


Vocabulary Check J 1. What is the difference of two squares pattern? 


Concept Check J 2. ERROR ANALYSIS Describe the error at 
the right. Then solve the equation correctly. 


3. Look back to Lesson 10.3. Describe the 
relationship between the special products 
shown in Lesson 10.3 and the polynomials 
you factored in this lesson. 


4. Write the three special product factoring 
patterns. Give an example of each pattern. 


5. Factor out the common factor in 3x2 — 6x + 9. 


Skill Check / Factor the expression. 


6.x° —9 7. 17 + 10t + 25 8. w* — low + 64 
9.16—77 10. 6y — 24 11. 18 — 227 
Use factoring to solve the equation. 
12.x7 + 6x +9=0 13. 144 — y*? =0 14. s* — 145 + 49 =0 
15. —25+ x7 =0 16. 7x7 + 28x +28=0 17. —4y’ + 24y — 36 =0 


PRACTICE anp APPLICATIONS 


COCO SEE EEE EH HEHE HEHEHE EE EEH EEE EEEE EEE EEEEEEEEEEEEEEEEEESEEEEEEEEEEEEE EEE EEEEEEEEEEEEEE EE EEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEESE 


laerenruns DIFFERENCE OF TWO SQUARES Factor the expression. 
Extra Practice 18. n* — 16 19. 100x* — 121 20. 6m — 150 
to help you master 
skills is on p. 806. 21. 60y* — 540 22. 16 — 81r° 23. 98 — 217 
24. w* — y" 25. 91? — 4q7 26. —28y" + 71? 
PERFECT SQUARES Factor the expression. 
27. x7 + 8x + 16 28. x* — 20x + 100 29. y? + 30y + 225 
30. b* — 14b + 49 31. 9x7 + 6x + 1 32. 4r7 + 12r +9 
33. 25n” — 20n + 4 34. 36m” — 84m + 49 35. 18x? + 12x + 2 


36. 48y? — 72xy + 27x” 37. -16w” — 80w — 100 38. —3k? + 42k — 147 


; HOMEWORK HELP FACTORING EXPRESSIONS Factor the expression. Tell which special 


Example 1: Exs. 18-26, product factoring pattern you used. 
39-50 2_ 2 25 

Example 2: Exs. 27-50 39. 2° — 25 40. y° + 12y + 36 41. 4n 36 
Example 3: Exs. 51-62 42. 32 — 18x" 43. 4b? — 40b + 100 44, —271? — 18-3 
Example 4: Exs. 51-62 7 5 
Example 5: Exs. 63-66 45. —2x° + 52x — 338 46. 169 — x 47. x“ — 10,000w 
Example 6: Ex. 67 

48. —108 + 147%? 49.02 + 2e +4 BO. > — 12x? 
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FOCUS ON 
APPLICATIONS 


G ; 


must practice to 
perfect their technique in 
order to maximize the height 
vaulted. 


ay POLE-VAULTERS 


SOLVING EQUATIONS Use factoring to solve the equation. Use a graphing 
calculator to check your solution if you wish. 


51. 2x7 — 72 =0 52. 3x* — 24x + 48 =0 53. 25x7 -4=0 
5A. ax? Ix +5 =0 627-2 =0 56. 50x2 + 60x + 18 =0 
57. a0? 697 =O 58. 90x2 — 120x + 40 = 0 
564° = 2s a 60. 112x2 — 252 = 0 
3% T 36 
61. —16x2 + 56x — 49 =0 62. -20 -2x-3=0 


® SAFE WORKING LOAD In Exercises 63 and 64, the safe working load S 
(in tons) for a wire rope is a function of D, the diameter of the rope in inches. 


Safe working load model for wire rope: 4 ° pss 


63. What diameter of wire rope do you need to lift a 9-ton load and have a safe 
working load? 


64. When determining the safe working load S of a rope that is old or worn, 
decrease S by 50%. Write a model for S when using an old wire rope. What 
diameter of old wire rope do you need to safely lift a 9-ton load? 


% HANG TIME In Exercises 65 and 66, use the following information about 
hang time, the length of time a basketball player is in the air 

after jumping. 

The maximum height / jumped (in feet) 
is a function of t, where f is the hang 
time (in seconds). 


Hang time model: ; = 41? 


65. If you jump 1 foot into the air, 
what is your hang time? 


66. If a professional player jumps 
4 feet into the air, what is the 
hang time? 


67. VERTICAL MOTION An object is propelled from the ground with an initial 
upward velocity of 224 feet per second. Will the object reach a height of 
784 feet? If it does, how long will it take the object to reach that height? 
Solve by factoring. 


% POLE-VAULTING In Exercises 68 and 69, use the following information. 
In the sport of pole-vaulting, the height h (in feet) reached by a pole-vaulter is a 
function of v, the velocity of the pole-vaulter, as shown in the model below. The 
constant g is approximately 32 feet per second per second. 


2 
Pole-vaulter height model: = = 
28 


68. To reach a height of 9 feet, what is the pole-vaulter’s velocity? 


69. To reach a height of 16 feet, what is the pole-vaulter’s velocity? 


10.7 Factoring Special Products 


O<D9s 
Test 65) 70. WIULTIPLE CHOICE Which of the following is a correct factorization of 


Preparation —12x? + 1472 
BB —3(2x + 7) 3(2x — 7)(2x +7) 
©) —2(2x — 7)Qx +7) CD —3(2x — 7)(2x + 7) 


71. MULTIPLE CHOICE Which of the following is a correct factorization of 
Tix” — 2Ax + 22 


2 
B® -96x - 17 8(9x ~ 5) 
1 1 i 
<>) 8(3— 3)(3x- 5) ep) -8(3x- 5) 
72. MULTIPLE CHOICE Which of the following is the solution of the equation 
—4x? + 24x — 36 = 0? 
4 —6 —3 2 D 3 


* Challenge 73. % SAFE WORKING LOAD Example 5 on page 621 models the safe working 
load of a natural fiber rope as a function of its circumference. Exercises 63 
and 64 use a model for the safe working load of a wire rope 


as a function of its diameter. Find a way to use these models to compare 
www.mcdougallittell.com the strength of a wire rope to the strength of a natural fiber rope. 


MIxeD REVIEW 


COOH CEE E HEE E EEE EEEEEEE EEE EEE E SEE EEEEE EE EEEEE EEE EEE EEE SESE EEE EEEEEE EEE EEE EEE EE EEEEEEEEEEEEEEEEEEEEEEEEEE EEE TEESE EEEEEEEES 


FINDING THE GCF Find the greatest common factor of the numbers. 
(Skills Review, p. 777) 


74. 9 and 12 75. 15 and 45 76. 55 and 132 77. 14 and 18 


CHECKING FOR SOLUTIONS Decide whether or not the ordered pair is a 
solution of the system of linear equations. (Review 7.1) 


78.x+9y=—-I11 79. 2x + 6y = 22 

—4x + y = —30 (7, -2) —podyea1y (-5,)—2) 
80. —2x + 7y = —41 81. —5x — 8y = 28 

3x + 5y = 15 (=10,.3) 9x — 2y = 48 (4, —6) 


SOLVING LINEAR SYSTEMS Use the substitution method to solve the linear 
system. (Review 7.2) 


82.x—y=2 83. x — 2y = 10 84. -—x+ y=0 85. 2x + 3y = —5 

2x+y=1 3x —y=0 2x+y=0 x — 2y = —6 
SIMPLIFYING RADICAL EXPRESSIONS Simplify the expression. (Review 9.2) 
86. V216 87. V5 + VI15 88. V10 - V20 89. V4 -3V9 
0:../22 g1, 10v8. go, 12v4 93, —OV12 

49 V25 vo Va 

SOLVING EQUATIONS Use the quadratic formula to solve the equation. 
(Review 9.5 for 10.8) 


94.9x7- 14x -7=0  95.9d7-—58d+24=0 96. 7y*—-9y-17=0 
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Factoring Using the 
Distributive Property 


PGOAL 1) FACTORING AND THE DISTRIBUTIVE PROPERTY 


What you should learn RRR R RRR REE EERE EERE EEE E TEESE EEE EEE EEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEE TEESE EEE EEE EEEEEEEEEEEEEEE EES 


Use the distributive Tm dealing with polynomials, you have already been using the distributive 


Bue factor a property to factor out integers common to the various terms of the expression. 
polynomial. 
9x? — 15 = 3(3x7 — 5) Factor out common factor. 
Solve polynomial 
equations by factoring. In many situations, it is important to factor out common variable factors. To save 


steps, you should factor out the greatest common factor (GCF). 


Why you should learn it 


YW To solve some types of rate 
ls GIVER (inding the Greatest Common Factor 


real-life problems, such as 
modeling the effect of gravity 


in Exs. 51-54. 
Ie 


Factor the greatest common factor out of 14x* — 21x”. 


SOLUTION First find the greatest common factor. It is the product of all the 
common factors. 


14x* =2+7exexexex 

2x? = 3.<"F-geg 

GCF = 7+x+x = 7x? 
Then use the distributive property to factor the greatest common factor out of 
the polynomial. 

14x4 — 21x? = 7x?(2x? — 3) 
In this lesson we restrict the polynomials we consider to polynomials having 
integer coefficients. A polynomial is prime if it is not the product of 


polynomials having integer coefficients. To factor a polynomial completely, 
write it as the product of these types of factors: 


Shannon Lucid on 
Space Station Mir 


* monomial factors * prime factors with at least two terms 


P EXAMPLE 2] Recognizing Complete Factorization 


Tell whether the polynomial is factored completely. 


a. 2x? + 8 = 2(x? + 4) b. 2x? — 8 = 2(x* — 4) 
SOLUTION 
[_ aa a. This polynomial is factored completely because x” + 4 cannot be factored 
Skills Review using integer coefficients. 


For help with finding ? oon 2 
a greatest common b. This polynomial is not factored completely because x~ — 4 can be factored 


factor, see p. 777. as (x — 2)(x + 2). 


10.8 Factoring Using the Distributive Property a 


T EXAMPLE 3 | Factoring Completely 


Factor 4x? + 20x? + 24x completely. 


SOLUTION 
4x3 + 20x? + 24x = 4x(x? + 5x + 6) 


= 4x(x + 2)(x + 3) 


Monomial factor fs Prime factors 


EXAMPLE 4 ) Factoring Completely 


Factor 45x* — 20x? completely. 


SOLUTION 
A5x* — 20x” = 5x7(9x — 4) Factor out GCF. 
= 5x7(3x — 2)(3x + 2) Factor difference of squares. 


GROUPING Another use of the distributive property is in factoring polynomials 
that have four terms. Sometimes you can factor the polynomial by grouping into 
two groups of terms and factoring the greatest common factor out of each term. 


Gap Factoring by Grouping 


Factor x° + 2x7 + 3x + 6 completely. 


SOLUTION 
x3 + 2x? + 3x + 6 = (x3 + 2x?) + (3x + 6) Group terms. 


= x*(x + 2) + 3(x + 2) Factor each group. 
= (x + 2)(x? + 3) Use distributive property. 


T EXAMPLE 6 ] Factoring by Grouping 


Factor x? — 2x” — 9x + 18 completely. 


SOLUTION 
x3 — 2x? — Ox + 18 = (x3 — 2x) — (Ox — 18) Group terms. 
= x7(x — 2) — 9(x — 2) Factor each group. 
= (x7 — 9)(x — 2) Use distributive property. 
= (x — 3)@ + 3)(@ — 2) Factor difference of 
squares. 
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PGOAL 2) SOLVING POLYNOMIAL EQUATIONS 


Solving a Polynomial Equation 


Solve 8x* — 18x = 0. 


SOLUTION 
8x3 — 18x = 0 Write original equation. 
2x(4x* — 9) =0 Factor out GCF. 
2x(2x — 3)(2x + 3) =0 Factor difference of squares. 


> By setting each variable factor equal to zero, you can find that the solutions 


PA a2 
are 0, > and > 


Writing and Using a Polynomial Model 


The width of a box is | inch less than 

the length. The height is 4 inches greater 

than the length. The box has a volume of 
12 cubic inches. What are the dimensions 
of the box? 


Height 


Length Width 


SOLUTION 
VERBAL Length - Width - Height = 
MODEL 
v 
LABELS Length = x (inches) 


Width = x-1 (inches) 
Height = x +4 (inches) 
| Volume = (cubic inches) 
ALGEBRAIC x (x -—1) @ +4) = 12 Write model. 
ne x? + 3x7 — 4x = 12 Multiply. 

(x3 + 3x?) — (4x + 12) =0 Write in standard form and group terms. 

x7(x + 3) - 4 + 3) =0 Factor each group of terms. 
(x? — 4)(x + 3) =0 Use distributive property. 

(x — 2)(x + 2)(x + 3) =0 Factor difference of squares. 


> By setting each factor equal to zero, you can see that the solutions are 2, —2, 
and —3. The only positive solution is x = 2. The dimensions of the box are 
2 inches by 1 inch by 6 inches. 


10.8 Factoring Using the Distributive Property 


WAYS TO SOLVE POLYNOMIAL EQUATIONS 


GRAPHING: Can be used to solve any equation, but gives only approximate 
solutions. Examples 2 and 3, p. 527 


THE QUADRATIC FORMULA: Can be used to solve any quadratic equation. 
Examples 1-3, pp. 533-534 


FACTORING: Can be used with the zero-product property to solve an 
equation that is factorable. 


+ Factoring x? + bx + c: Examples 1-6, pp. 604-606 
x? + 9x + 18 = (x + 3)(x + 6) 

+ Factoring ax? + bx + c: Examples 1-5, pp. 611-613 
3x? + 10x + 7 = (3x + 7)(x + 1) 

* Special Products: Examples 1-4, pp. 619-620 


a* — b*=(a + bya — b) Example: 4x? — 36 = (2x + 6)(2x — 6) 
a* + 2ab + b? = (a+ b)? Example: x* + 18x + 81 = (x + 9)? 
a? — 2ab + b? = (a— b)? Example: x? — 16x + 64 = (x — 8)? 


+ Factoring Completely: Examples 1-7, pp. 625-627 


_ ae Gap Solving Quadratic and Other Polynomial Equations 
"3, HOMEWORK HELP 


Visit our Web site Solve the equation. 


www.mcdougallittell.com 4 3 2 3 2 
for extra examples. a. —30x" + 58x" — 24x" = 0 b. 18x° — 30x* = 60x 


SOLUTION 
a. —30x4 + 58x° — 24x7 = 0 Write original equation. 


—2x7(15x? — 29x + 12) =0 Factor out —2x?. 


—2x7(5x — 3)(3x — 4) =0 Find correct factorization for trinomial. 


3 
* 5? 


> Set each variable factor equal to zero. The solutions are 0 


VY CHECK Graph y = —30x4 + 58x3 — 24x. 
Use your calculator’s TRACE feature to 
estimate the x-intercepts. 


and -. 


The graph appears to confirm the solutions. 


b. 18x? — 30x” — 60x = 0 Rewrite equation in standard form. 


6x(3x7 — 5x — 10) =0 Factor out GCF. 


> 6x factors out, so one solution is 0. Because 3x2 — 5x — 10 is not 
factorable, use the quadratic formula to find the other solutions, x ~ 2.84 
and x ~ —1.17. 
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GUIDED PRACTICE 


SCOPE ESE EHE EEE E HEEL ESOS TELE SEE EEEEEESE ESET SEE EEOSEESE TOE ESOEO EEO SEETE TEE ESEETEEOSESHETEEESEEEEEESEHDE LEE ESOLEEE EE EEEE 


Vocabulary Check J 1. In writing a polynomial as the product of polynomials of lesser degrees, what 
does it mean to say that a factor is prime? 


Concept Check J 2. To factor a polynomial completely, you must write it as the product of what 
two types of factors? 


3. Name three ways to find the solution(s) of a quadratic equation. Which way 
do you prefer? Explain. 


ERROR ANALYSIS Describe and correct the factoring error. 


Skill Check / Find the greatest common factor and factor it out of the expression. 
6. 5n° — 20n 7. 6x7 + 3x4 8. 6y* + 14y? — 10y” 


Tell whether the expression is factored completely. If the expression is not 
factored completely, write the complete factorization. 


9. 7x° — 11x 10. 9¢(t? + 49) 11. 3w(9w? — 16) 
Solve the equation. Tell which method you used. 


12. y’ — 4y -5 =0 13. 27+ 1lz+ 30=0 14. 5a7+ lla+2=0 


PRACTICE ano APPLICATIONS 


FACTORING OUT THE GCF Find the greatest common factor and factor it 
Extra Practice out of the expression. 
to help you master 15. 6v? — 18 16. 4q* + 12 17. 3x — 9x? 
skills is on p. 806. 5 5 3 5 6 5 
18. 241° + 61° 19. 4a? + 8a? — 2a 20. 18d° — 6d? + 3d 
FACTORING COMPLETELY Factor the expression completely. 
21. 24x3 + 18x? 22. —3w* + 21w? 
23. 2y? — 10y? — 12y 24. 5s° + 30s? + 40s 
25. —7m> + 28m? — 21m 26. 2d* + 2d? — 60d 
_ ae 27. 413 — 1441 28. — 1224 + 32? 
HOMEWORK HELP 
Example 1: Exs. 15-20 29. read + ° = 12c = 12 30. x? — 3x2 bye eed 3 
examples? BST) aa. 6b 4 5b? — 4b — 20 32. 3y? — y?— 2ly +7 
Example 7: Exs. 37—50 : »°y y y 
Example 8: Exs. 55-97 33. a> + 6a” — 4a — 24 34.  — 1? — 16t + 16 
Example 9: Exs. 37—50 
35. 3m — 15m* — 6m + 30 36. In? + Tn‘ — 3n* — 6n — 3 


10.8 Factoring Using the Distributive Property 


SOLVING EQUATIONS Solve the equation. Tell which solution method 


you used. 

37. y° + 7y+12=0 38.x7 — 3x -4=0 

39. b> + 4b — 117 =0 40. t* — 16 + 65 = 0 

41. 27 + 6w — w* =0 42. x7 — 21x + 84=0 

43. 5x* — 80x” = 0 44. —16x° + 4x =0 

45. 10x? — 290x? + 620x = 0 46. 34x* — 85x + 51x? =0 
47. 8x7 + 9x -7=0 48. 18x” — 21x + 28 =0 

49. 24x> + 18x” — 168x = 0 50. —14x* + 118x° + 72x? =0 


FOCUS ON 
VERTICAL IVIOTION In Exercises 51—54, use the vertical motion models, 


where his the initial height (in feet), vis the initial velocity (in feet per 
second) and ft is the time (in seconds) the object spends in the air. (Note 


that the acceleration due to gravity on the Moon is = that of Earth.) 


Model for vertical motion on Earth: = 162 — vt 


Model for vertical motion on the Moon: ) = oP — vt 
ly . 

a 5 noua ihe 51. % EARTH On Earth, you toss a tennis ball from a height of 96 feet with an 
Nase OES planet. This is why initial upward velocity of 16 feet per second. How long will it take the tennis 
acceleration due to gravity ball to reach the ground? 
is greater on Jupiter than . ; ; 
on Earth. 52. “ MOON On the Moon, you toss a tennis ball from a height of 96 feet with 
Sof APPLICATION LINK an initial upward velocity of 16 feet per second. How long will it take the 
www.mcdougallittell.com tennis ball to reach the surface of the moon? 


53. Writing Do objects fall faster on Earth or on the Moon? Use your results 
from Exercises 51 and 52 and the vertical motion models shown above to 
support your answer. 


54. CRITICAL THINKING The coefficient of the t7-term in the vertical motion 
models is one-half the acceleration of a falling object due to gravity. On the 
surface of Jupiter, the acceleration due to gravity is about 2.4 times that on 
the surface of Earth. Write a vertical motion model for Jupiter. 


% PACKAGING In Exercises 55-57, use the following information. 

Refer to the diagram at the right. 

The length £ of a box is 3 inches less than the height h. The width w is 9 inches 
less than the height. The box has a volume of 324 cubic inches. 


55. Copy and complete the diagram by 
labeling the dimensions. ar 


56. Write a model that you can solve 
to find the length, height, and width 
of the box. 


57. What are the dimensions of the box? 
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EXTENSION: BRITISH METHOD Another method for finding the binomial 
factors of factorable trinomials of the form ax? + bx + cis sometimes 
called the British method. To factor 6x2 — x — 2 by the British method, 
use the following steps. 
@ Find the “magic” number ac. 
6*(—2) = —-12 
® Write the magic number as the product of two factors whose sum is b. 
—12 =3+(-4) 
© Rewrite the trinomial using the factors. 
6x? — x —2 = 6x* + 3x-—4x-2 
© Factor using the distributive property. 
6x? + 3x — 4x — 2 = 3x(2x + 1) — 2(2x + 1) 
= (3x — 2)(2x + 1) 


Use the British method to factor the trinomials. 


58. 8x7 — 2x — 3 59. 3x7 + 13x + 14 60. 5x? + 27x — 18 
6S) 
Test eS) 61. MULTIPLE CHOICE Which of the following is the complete factorization 
Preparation of x3 — 5x? + 4x — 20? 
AD (x + 2)(x + 2)(x — 5) (at 2) — 2) 5) 
© (x* + 4)(x — 5) @) (x= 4)@= 1G = 20) 
62. MIULTIPLE CHOICE Which of the following equations have real solutions? 
6x7 +x-12=0 I 6x*+7x-12=0 Il. 6x? + 7x — 13 =0 
) I only II only © IL only @®D All 


63. IULTIPLE CHOICE The length / of a box is 3 centimeters more than half 
the height h. The width w is 2 centimeters more than one fifth of the height. 
The box has a volume of 3780 cubic centimeters. Which of the following 
equations can be used to find the height of the box? 


B® n( 3h + 2)(4n + 3) = 3780 n( 5h + 2)(4h + 3) = 3780 


& Fphilh + Hh +3) = 3730 ®D (Sw + 2)(41 - 3) = 3780 
CUBIC EQUATIONS Sums and differences of cubes can be factored using 
* Challenge the following patterns. 
Sum of cubes pattern: a? + b° = (a + b)(a? —ab+ b?) 


Difference of cubes pattern: a—-b= (a - b)(a? + ab + b?) 
In Exercises 64-67, use the patterns above to factor the cubic expression 
completely. Use the distributive property to verify your results. 


64. y? — 125 65. b? + 27 66. € + 8x3 67. 216 — 34313 


68. Set each expression in Exercises 64—67 equal to zero and solve the equation. 
www.mcdougallittell.com 


10.8 Factoring Using the Distributive Property ie 


MiIxeD REVIEW 


Seer eeeseseeesesesesessseseeee 


SOLVING AND GRAPHING INEQUALITIES Solve the inequality and graph its 
solution. (Review 6.1, 6.2) 


69.7 +x=—-9 70. —3 > 2x—5 71. -—x +685 13 
SOLVING EQUATIONS Solve the equation. (Review 6.4) 
72. |x|=3 73. |x -—5|=7 74. |x + 6|= 13 


75. |x+8|-2=-12 76. |2x-5|+7=16 77. 


xt+ 


SKETCHING GRAPHS Sketch the graph of the inequality. (Review 6.5) 
7.x+y<9 79. y — 3x 22 80. y — 4x = 10 


81. % HEIGHT One of the tallest people in the world is Ri Myong-hun of North 
Korea, who is about 93 inches tall. The average height of a United States male 
is about 69 inches. Compare Ri Myong-hun’s height to the average U.S. male 
height using a ratio and a percent. (Review 3.8 for 11.1) 


82. “) COMPARING ROOMS One bedroom in a house is 10 feet by 12 feet. The 
living room is 24 feet by 15 feet. Compare the areas of the two rooms using a 
ratio. (Review 3.8 for 11.1) 


Self-Test for Lessons 10.7 and 10.8 


SOC C HSE E ESSE EE SEE E EES E ESTES SE EEE SEES SESE E HESS EEE EE ESSE EEE EEEEEEEEEEESSHEEEESES ESE SE EEEESS 


Factor the expression. Tell which special product factoring pattern you 
used. (Lesson 10.7) 


1. 49x? — 64 2. 121 — 9x? 3. 417 + 201 + 25 

4. 72 — 50y” 5. Oy? + 42y + 49 6. 3n* — 36n + 108 
Use factoring to solve the equation. (Lesson 10.7) 

7. 3x7 — 192 =0 8. 4x7 + 32x +64=0 9. 9x? + 96x + 256 =0 
10. 5x? —4r+8=0 11. 216x7— 96 =0 12, 3x7 - 2x - 5 =0 


Find the greatest common factor and factor it out of the expression. 
(Lesson 10.8) 


13. 3x° + 12x? 14. 6x? + 3x 15. 18x47 — 9x° 16. 8x° + 4x7 — 2x 
Factor the expression completely. (Lesson 10.8) 

17. 2x? — 6x? + 4x 18. 48x° — 75x 19. x? + 3x7 + 4x + 12 
Solve the equation. Tell which solution method you used. (Lesson 10.8) 

20. 12x* — 27x7 =0 21. —3x7 — 4x + 15 =0 22. 3x° — 6x? + 5x — 10 =0 
23. 56x? + 98x = 170x724. 17x° = 17x + 204x7 25. 6x? + 45x? + 15x = 0 
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Classify a polynomial by degree and by 
number of terms. (10.1) 


eee reer eee ree terre rer rere errr rere errr terre rrr rr rrr rer rrr rr rer rs 


Multiply polynomials 
* using the FOIL pattern. (10.2) 


* using special product patterns. (10.3) 


Solve polynomial equations in factored 
form. (10.4) 


Bee c ccc cccccresrccseccsesesccsecseseeseceescesesscsessesscesesess 


Heme ccc ce ccc scccncescecnc cence ceecseseseeseceessesessscesceesees 


Factor a polynomial 
* using special product patterns. (10.7) 
* using the distributive property. (10.8) 


Solve polynomial equations by factoring. 


(10.5—-10.8) 


Chapter Summary 


WHY did you learn it? 


Understand how to use polynomials to model real- 
life situations. (p. 578) 


eee eee eee CeCe ere rrr rere errr rer rere reer rer er rer er rer rer errr errr rere r rer rr rrr rer rr ree rer re rer rer ir 


Represent the growth in the number of Internet 
sites. (p. 579) 


Evaluate a polynomial expression to find the area 
of a window. (p. 586) 

Find products of some polynomials more easily. 
(p. 591) 


reer eee rere ree rer re rer rere errr rece ere reer rr rer re ree rer rere errr r errr rer terre terre rte rere rere ris 


Oe ee eee EOC OSE Ce ere rrr rere errr rer re rere errr rrr rer errr errr errr r terre rer rer terete rrr rrr rer rrr errr rir 


eee eee eee eee Cee ere reece rer reece ree rer re reer rr rer errr errr rere rrr rr errr rer rr rrr rere errs terre rrr resis 


_ Find the size of rope needed to lift a safe. (p. 621) 
_ Find the dimensions of a box. (p. 627) 


_ Apply factoring skills to write models for real-life 
situations. (pp. 604-632) 


How does Chapter 10 fit into the BIGGER PICTURE of algebra? 


Polynomials can model a great variety of real-life situations. You were already 
familiar with three types of polynomial models: y = a (constant model), 
y = ax + b (linear model), and y = ax? + bx + c (quadratic model). 


In this chapter you learned how to add, subtract and multiply polynomials. You 
also learned how to “undo” multiplication by a process called factoring. This 
chapter has many connections with the mathematics you studied in Chapter 9. 
For instance, in this chapter you learned how to use factoring to solve quadratic 


equations. 


STUDY STRATEGY 


How did identifying 
trouble spots help you 
review? 


One of your notes about trouble 
spots, using the Study Strategy 
on p. 574, may look like this. 


Trouble Spots: 
Lesson 10.1 


Remember to change all of the sig 
(x? + 4x) — (x2 — ay 4 1) 


ns when subtracting. 


Fi 4 ayy 
=7x-1 


* polynomial, p. 576 

¢ standard form of a polynomial, p. 576 
¢ degree of a term, p. 576 

¢ degree of a polynomial, p. 576 

¢ leading coefficient, p. 576 


¢ monomial, p. 576 

* binomial, p. 576 

* trinomial, p. 576 

¢ FOIL pattern, p. 585 

* factored form of a polynomial, p. 597 


° zero-product property, p. 597 

° factor a quadratic expression, p. 604 
* prime factor, p. 625 

¢ factor a polynomial completely, p. 625 


Examples on 
0.1 | ADDING AND SUBTRACTING POLYNOMIALS pp. 576-579 


ARR ee eee eee ee eee eee eee EEE EEE EEE EEE EEE EEEEE EEE EEEEEEEEEEEES EE EEE EEE SHEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEHEE EEE EEE EE SEES 


GELS To add or subtract polynomials, add or subtract like terms. 


Horizontal Format 
(4x3 + 6x — 8) — (—x? + 7x — 2) 
= 4x3 + 6x -—8+2x?-7Tx+2 
= 4x3 + x? -x- 6 + 


Vertical Format 
—2x3 — 4x? - x +5 
Be he eG 
= +5x7- x -1 


3x2 — 6x + 13 


Find the sum or the difference. 


1. (—x? + x + 2) + (3x? + 4x +5) 
3. (x? + 5x? — 4x) — x? — 6x + 2) 


0.2 | MULTIPLYING POLYNOMIALS 


ARERR RRR Ree EERE OEE eee HEHE EEE EE EE EEE EE EEE EEE EE EEE HEHEHE HESS EE EEEEEEEEEEEEEEEEE 


2. (x7 + 3x — 1) — (4x7 — 5x + 6) 
4. (4x3 + x? — 1) + (2 -x— x’) 


Examples on 
pp. 584-586 


FERRER EERE EERE EEE Eee EEE EEE E HEHEHE EE EEE EE EEEEE EEE EE EEE HEED 


To multiply polynomials, use the distributive property or the FOIL pattern. 
a. (3x + 2)(5x? — 4x + 1) = 5x?(3x + 2) — 4x(3x + 2) + 1(3x + 2) 
= 15x° + 105? 2 Sa eee 


= 15x9 — 2x? —5x+2 
F O I L 


Y r Y y Y 
6) = —12x? = 24 15x — 30 
== 12, — 39; — 20 


b. (4x + 5)(—3x 


Find the product. 
5. (—x)(8x° - 12x?) 
8. (7x — 1)(S5x + 2) 
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6. 4x3(—x? + 2x — 7) 
9. (x + 5)(2x7 + x — 10) 


Fle BG 11) 
10. (4x7 + 9x)(—x? — 3) 


Examples on 
03 SPECIAL PRODUCTS OF POLYNOMIALS pp. 590-592 


DON 2 BS Use special product patterns to multiply some polynomials. 


(a+ b\a— b) = a2 — Bb (a+ b)* = a2 + 2ab + Bb 
(3x + 7)3x — 7) = Bx)? — 7 (5t + 4)* = (51)? + 2(50)(4) + 4? 
= 9x2 — 49 = 2517 + 40r + 16 


Find the product. 
11. (x + 15)(e— 15) 12. (5x — 2)(5x +2) 13. (x + 2)? 14. (7m — 6)* 


Examples on 


04 | SOLVING POLYNOMIAL EQUATIONS IN FACTORED FORM pp. 597-599 


ARERR R RRR EERE E EEE EEE EEE HEHE HEHEHE EEE E EEE HEHEHE EEE EEEEEEEEEEEEEEEEEE HEHEHE EEEEEEEEEEEEEEEEEEEEEEEEEEEEE HEHEHE HEHEHE HEHEHE EEE EE HEED 


GSLUTITT® Solve the equation (x + 1)(x — 5) = 0. 
&«+1)=0 or (&—-5)=0 Use zero-product property. 
x+1=0 Kao — 1) 
pee | x=5 


> The solutions are —1 and 5. Check these in the original equation. 


Solve the equation. 
15. (x + 1)(x + 10) =0 16. (x — 3)(x — 2) =0 
17. (x + 9)? =0 18. (3x + 6)(4x — 1)(x — 4) =0 


E. I 
Ds ractorine x? + bx +c pp. 604-606 


AREER ERR REE EEE EEE HEHE EEE EEE EEE EE EEE EEE EEE EEE EE EEEEEEEEEEEEEEEEEEEEE HEHEHE HEHEHE HEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEE HEHEHE HEHEHE HEE EO EEE ERED 


DON T28S) Solve the equation x? — 9x = -14 by factoring. 


x? — 9x = -14 Write original equation. 
x7 -9x+14=0 Write in standard form. 
G—2@e—7)=0 Factor. 


(x — 2) =0 or (n—7)=0 __ Use zero-product property. 
x-2=0 i — 10) 
x=2 x=7 


> The solutions are 2 and 7. Check these in the original equation. 


Solve the equation by factoring. 


19. x* — 21x + 108 =0 20. x7 + 10x — 200 = 0 21. x* + 26x = —169 


Chapter Review 


E. I 
Ds ractorine ax? + bx +c pp. 611-613 


To factor 3x” — x — 2, test the possible factors of a (1 and 3) and of 
c (—2 and 1 or 2 and —1). 


(x — 2)(3x + 1) = 3x? -—5x-2 Not correct 
(x + 1)3x — 2) = 3x7 +x-2 Not correct 
(x + 2)(3x — 1) = 3x7 + 5x -2 Not correct 
(x — 1)(x + 2) = 3x7 -x-2 Correct 


Factor the trinomial. 


22. 12x27 + 7x+1 23. 2x2 + 5x — 12 24. 6x” + 4x — 10 25. 4x2 — 12x + 9 


E. 1] 
\\\W) FaAcTORING SPECIAL PRODUCTS pa Rey 


GLVATS® Factor using special product patterns to solve the equations. 


a’ — b? = (a+ bla — B) a® — 2ab + b* = (a — b)* 

4x? — 64=0 x —4y+4=0 
(2x + 8)(2x — 8) =0 x? — 2(x)(2) + 27 =0 
2x +8 =Oor2x —-8=0 (x — 2)? =0 
> The solutions are —4 and 4. x—-2=0 


> The solution is 2. 


Use factoring to solve the equation. 
26. 100x” — 121 =0 27. 16x? + 24x +9 =0 28. 9x7 — 18x + 9=0 


10.8 | FACTORING USING THE DISTRIBUTIVE PROPERTY “pp. 625-628 


GLVATSD Use the distributive property to factor out common variable factors. 
3x3 — 27x = 3x(x? — 9) x4 — 4x3 + x? — Ax = (x* + x?) + (—4x3 — 4x) 
= 3x(x + 3) — 3) = x7(x7 + 1) — 4x(x7 + 1) 
= (x? — 4x)(x? + 1) 
= x(x — 4)(x? + 1) 


Factor the expression completely. 
29. —2x° — 2x4 + 4x3 30. 2x4 — 32x? 
31. 3x79 + x7 + 15x +5 32. x° + 3x —4x — 12 
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Chapter Test 


Use a vertical format or a horizontal format to add or subtract. 


1. (x7 + 4x — 1) + (5x? + 2) 2. (5t7 — 9t + 1) — (8 + 13) 
3. (In? + 2n* — n — 4) — (4n3 — 3n? + 8) 4. (x4 + 6x2 +7) + (2x4 — 3x? + 1) 


Find the product. 


7. 


10. 


13. 


16. 


19. 


22. 
25. 


28. 
31. 
34. 


37. 
40. 


(w — 6)(4w* + w — 7) 
(4x + D(5x = 3) 


(8x + 3)(8x — 3) 
(4x + 3)(x — 1)8x+ 9) =0 
y=Cx=Mx+7) 


x? — 34x — 240 =0 
18x? — 57x = —35 


128 — 50x? 
2x? + 28x + 98 
x? + 2x? — 16x — 32 


x? — 13x = —40 
8x2 + 6x = 5 


5. (x + 3)(2x + 3) 6. (9x — 1)(7x + 4) 

8. (5t? + 2)(41? + 81 — 7) 9. (32° — 52 + 8)(z + 2) 
11. (x — 12)? 12. (7x + 2)? 
Use the zero-product property to solve the equation. 
14. (6x — 5)(x + 2) =0 15. (x + 8)? =0 
Find the x-intercepts and the vertex of the graph. Then sketch the graph. 
17. y = (x + 1)@ — 5) 18. y = (x + 2)(x + 6) 
Solve the equation by factoring. 
20. x” + 13x + 30=0 21. x? — 19x + 84 =0 
23. 2x? + 15x — 108 =0 24. 9x? — 9x = 28 
Factor the expression. 
26. x* — 196 27. 16x? — 36 
29. x°— 6x + 9 30. 4x? + 44x + 121 
32. 917 — 54 33. 4x? + 38x + 34 
Solve the equation by a method of your choice. 
35. x7 - 60 =-11 36. 2x7 + 15x —8 =0 
38. x(x — 16) =0 39. 12x? + 3x =0 
41. 12x? + 17x =7 42. 81x? — 6 = 30 


43. 


16x” — 34x — 15 =0 


44. “) TIC-TAC-TOE You are making a tic-tac-toe board. Each square will have 
sides of x inches. The board will have a border with a width of 1 inch. Draw a 
diagram and label the dimensions. Write a polynomial expression for the area of 


the board. 


45. ™ Room DIMENSIONS A room’s length is 3 feet less than twice its width. The 


area of the room is 135 square feet. What are the room’s dimensions? 


46. .*) KICKING A FOOTBALL You kick a football into the air. The vertical 
component of this motion can be modeled by the vertical motion model. Suppose 
the football has an initial upward velocity of 31 feet per second. The ball makes 
contact with your foot about 2 feet above the ground. Find the time ¢ (in seconds) 
for the football to reach the ground. Use the vertical motion model on page 621. 


Chapter Test 


=e 


Chapter Standardized Test 


P) TEST-TAKING STRATEGY Some questions involve more than one step. Reading too quickly 


might lead to mistaking the answer to a preliminary step for your final answer. 


1. MULTIPLE CHOICE Classify 3x7 — 7 + 4x? — 5x 


by degree and by the number of terms. 
CAD quadratic trinomial 

cubic polynomial 

C&) quartic polynomial 

GD quadratic polynomial 

CE cubic trinomial 


2. MULTIPLE CHOICE Which of the following is 
equal to (—x* — 5x + 7) + (—7x? + 5x — 2)? 


B® 8x7 —5 @ —8x* + 10x + 5 
& 6x7 + 5 CD —8x? — 10x +5 
CE —8x7 +5 


3. MULTIPLE CHOICE Which of the following is 
equal to (5x° + 3x —x + 1) — Qx° +.x—5)? 


GB) 3x? + 3x7 - 4 
CBD 3x> + 3x2 - 2x -4 
C 3x? + 3x* — 2x - 6 
> 3x? + 3x* — 2x + 6 
CE 7x? + 3x7 — 2x + 6 
4. MIULTIPLE CHOICE The base of a triangular 
sail is x feet and its height is 1, + 7 feet. 


2 
Which expression represents the sail’s area? 


(The area of a triangle is A = shh.) 


B® Fx? + 1x Qik 
@Qivrth ® i+ tr 
© i +x 


5. MULTIPLE CHOICE Which of the following is 
equal to (4x — 9)(7x — 2)? 


CA) 28x* — 71x + 18 28x” — 55x + 18 
© 28x” — 71x— 18 BD 28x7 + 55x + 18 
CE 28x? — 69x + 18 
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6. 


10. 


MULTIPLE CHOICE Which trinomial represents 
the area of the trapezoid? (The area of a trapezoid 


is A = Sh(b, + by).) 


2x+1 
x+3 


3x +3 


B® 30? +19x+12 CB 5x7 + 19% +6 


© 2r74+Pr+6 @ 5x74 19x-6 
Qir+tire 


. MULTIPLE CHOICE Which of the following is 


equal to (2x — 9)?? 
@ x7 + 81 

> 4x? + 36x + 81 
> 4x7 — 36x + 81 


CB x* — 18x — 81 
D> 4x” — 18x + 81 


. MULTIPLE CHOICE What are the coordinates of 


the vertex of the graph of y = (x — 6)(x + 5)? 


1 1 1 1 
@ (-3, -245) (5, -254) 
® (2, -28) @® (5, -304) 
1 1 
<>) (3, -24%) 
. MULTIPLE CHOICE Which of the following is one 


of the solutions of the equation x? — 2x = 120? 


@ —12 —10 © 10 
®D 20 © 60 
MULTIPLE CHOICE The area of a circle is given 


by A= (9x? + 30x + 25). Which expression 
represents the radius of the circle? 


A |3x+5| GB 9x7-25 G 3x—-5)* 
> 9x7 +25 CD (3x 4+ 5)’ 


11. MULTIPLE CHOICE If x = —2 is a solution of x* — bx — 16 = 0, what is the 
value of b? 


CG —8 &® —6 & 6 @D 8 Cc 10 


12. MIULTIPLE CHOICE A ball is tossed into the air from a height of 10 feet with 
an initial upward velocity of 12 feet per second. Find the time in seconds for 
the ball to reach the ground. 


1 4 1 1 
@z = @iz ® 15 2 
13. MIULTIPLE CHOICE Which of the following is a correct factorization of 
—45x? + 150x — 1257 
 5(—3x + 5) —5(3x + 5)” (es =5G% + 5)Gx =) 
@> —5(3x — 5)” > —5(—3x + 5)(—3x — 5) 


QUANTITATIVE COMPARISON In Exercises 14 and 15, evaluate the expression for 
the given values and choose the statement that is true about the results. 


CA The number in Column A is greater. The number in Column B is greater. 


©) The two numbers are equal. @®) The relationship cannot be determined 
from the information given. 


Column A Column B 


.| (a+b)? whena = 17 andb = —8 (a — b)* whena = 17 andb = —8 


(a2 — b?) when a = 3 andb = —4 (a — b)? when a = 3 andb = —4 


16. MIULTIPLE CHOICE Which of the following is equal to the expression 
x — 2x7 — 11x + 227 


AD (x — 2)(x — 11) BD (x — 2)(x? + 11) & (x — 2)(x? — 11) 
@ (x — 2)(x + 11) none of these 


Each animal is about 6 inches long by 8 inches wide by 8 inches tall. You 
want to package each animal in a box with the top of its head showing. You 
will not use a lid for the box. You have received a donation of cardboard 
sheets that are 24 inches by 20 inches to make the boxes. You must cut out 
corner regions of x” so that the flaps can be folded up to form each box. 


17. MIULTI-STEP PROBLEM You have made clay animals to sell for charity. | 


24 in. 


a. Write a polynomial expression for the area of the box bottom. Find the 


area of the box bottom in terms of x. | ohias | 
b. Write a polynomial expression for the volume of the box. Find the volume 


of the box in terms of x. 


c. Is it possible to use squares that are 12 inches for the corners? Explain 
your reasoning. 


d. Is it possible to use the donated cardboard sheets to make boxes that will 
be large enough to hold the clay animals? Explain. 


Chapter Standardized Test 


RATIONAL 
EQUATIONS 
AND FUNCTIONS 


> Hou do soale models fit 


APPLICATION: Scale Models 
An architeeetonte model is 


a smaller, three-dimensional repre- 
sentation of a structure. Models 
can be built for a single building or 
an entire city. Architects, builders, 
and city planners use them. 


The dimensions of a scale model 
can be determined by solving a pro- 
portion. In Chapter 11 you’ll learn 
ways to solve proportions and 
other rational equations. 


Think & Discuss 


Use the drawing of a scale model for Exercises 1—2. 


Scale of 1 in. to 48 in. 


1. Solve the equation t = Te to find the height x of 


the actual house. Write your answer in feet. 


2. A shutter on the house is 1 foot wide. How wide 
is it on the model? Write your answer in inches. 


Learn More About It 


You will write and use a proportion for a problem 
about a scale model in Exercise 43 on page 647. 


BNE, be 2 
£ 3 APPLICATION LINK Visit www.medougallittell.com 
for more information about scale models. 


Study ¢ 
cae a E 


What’s the chapter about? 


Chapter 11 is about rational expressions. In Chapter 11 you'll learn 


* how to solve rational equations. 
* how to add, subtract, multiply, and divide rational expressions. 
* how to graph rational functions, including inverse variation functions. 


KEY VOCABULARY 


> Review > New 
* equivalent equations, p.132 = proportion, p. 643 * geometric probability, p. 666 
¢ transformations, p. 132 ¢ extraneous solution, p. 644 ¢ rational equation, p. 690 


* direct variation, p. 234 * inverse variation, p. 656 * rational function, p. 692 
¢ polynomial, p. 576 ¢ rational number, p. 664 ¢ hyperbola, p. 692 
* zero-product property, p.597 = rational expression, p. 664 


Are you ready for the chapter? 


ARERR EERE ERE EERE EEE EEE E HEHE TEES ESSE EEE EEE EEEHE EEE EEEEE EEE SESE TEESE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE REESE EEE EEEEE EEE EEE EE EEE EERE EEE EE ED 


SKILL REVIEW These exercises will help you review skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


Find the value of the expression. Write the answer as a fraction or mixed 


[ace number in lowest terms. (Skills Review, p. 781-783) 
Study Tip 


“Student Help” boxes id] _ 4 ma he S 2 & 4 
throughout the chapter i414 . 15 7 10 ay 5 * ui 
give you study tips and 
tell you where to look for 
extra help in this book 


Simplify the expression. (Review Examples 1 and 2, pp. 108-109) 


doacelnieniee 36x . 9 2. —7x 15x + 25 16 — 4x 
ina é Interne 5. Ga 6. 49x = 3 7: 5 8. 3 
Solve the equation by finding square roots or by factoring. 
(Review pp. 505 and 613) 
9. 3x”? — 65 = 178 10. 4x7 — 10x +6=0 11. 10x” — 30x — 40 = 0 
— Here’s a : 
study strategy! ¢ Previewing and Reviewing 


Preview the chapter. Write 
Know about each to 
back to each topic 


down what you already 

pic. After studying the chapter, go 
and write down what you then know 
the two sets of notes. See what you 


about it. Compare 
have learned. 


Chapter 11 


Ratio and Proportion 


Ree Ree EERE EEE E EEE EERE ESSERE EEE EEE EE EERE EEE EEE EEE E EEE EEE EEE EEE EEE EEEEEEEEE EEE E EERE 


€2O) sowvine Proportions 
What. you should learn 


Solve proportions. In Chapter 3 you solved problems involving ratios. An equation that states 
Use proportions to that two ratios are equal isa proportion. 


solve real-life problems, a_c ene Serene 

such as making estimates b od 

about an archaeological dig This proportion is read as “a is to b as c is to d.” When the ratios are written in 
in Example 4. this order, the numbers a and d are the extremes of the proportion and the 


: numbers b and c are the means of the proportion. 
Why you should learn it 


W To solve real-life problems 
such as creating a mural in 


Exs. 41 and 42. 
Btn 


PROPERTIES OF PROPORTIONS 


RECIPROCAL PROPERTY 
If two ratios are equal, their reciprocals, if they exist, are also equal. 


6 
4 


a_e¢ ee 22.4 ci 
Le qd’ then pee Example: 3 = 5 = 


c 6 


CROSS PRODUCT PROPERTY 
The product of the extremes equals the product of the means. 


f2= then ad=be. Example: 3 =% 2-6 =3-4 


When a proportion involves a single variable, finding the value of that variable is 
called solving the proportion. 


P EXAMPLE 1) Using the Reciprocal Property 


Solve the proportion ; = = 


8 

SOLUTION 

3_5 se a 

y = 8 Write original proportion. 

5 -_ s Use reciprocal property. 

_ 8 ; : 

y=3> 5 Multiply each side by 3. 

y= a Simplify. 
J CHECK When you substitute to check, + becomes 3 + 2 which simplifies 

to >. 5 


11.1 Ratio and Proportion 


T EXAMPLE 2) Using the Cross Product Property 


Solve the proportion a = 2 
SIE Sotumion 
Study Tip a ae Write original proportion. 
Remember to check your a 
solution in the original xex=3°12 Use cross product property. = iz 
proportion. Notice that ee 3 re ~ 
Example 2 has two y= 36 Simplify. 
solutions so you need to . 
check both of them. x= +6 Take square root of each side. 
> The solutions are x = 6 and x = —6. Check these in the original proportion. 


Up to now, you have been checking solutions to make sure that you didn’t make 
errors in the solution process. Even with no mistakes, it can happen that a trial 
solution does not satisfy the original equation. This type of solution is called 
extraneous. An extraneous solution should not be listed as an actual solution. 


T EXAMPLE 3 | Checking Solutions 


2. 
‘ yard? y=3 
Solve the proportion a wel ee 
ae SOLUTION 
Look Back y?-9 y-3 Ries 
For help with solving an ey = a Write original proportion. 


equation by finding 
square roots or by 
factoring, see pp. 505 
and 613. 


2(y? — 9) = (y + 3)(y — 3) 
2y*— 18 =y?—-9 
y?=9 
y= 43 


Use cross product property. 
Use distributive property. 
Isolate variable term. 


Take square root of each side. 


At this point, the solutions appear to be y = 3 and y = —3. 
J CHECK Check each solution by substituting it into the original proportion. 


y=3: y=-3 
o> 952 >) _¥=3 
yt+3 2 yt+3 2 
2-9 , 3-3 ea = Qa 8 
34+3 7 2 (-3)+3 ~ 2 
0,90 04 —6 
62 O07” 2 
0=0 
> You can conclude that y = —3 is extraneous because the check results in a 


false statement. The only solution is y = 3. 
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FOCUS ON 
APPLICATIONS 


PGOAL 2) USING PROPORTIONS IN REAL LIFE 


When writing a proportion to model a situation, you can set up your proportion in 
more than one way. 


EXAMPLE 4 } Writing and Using a Proportion 


ARCHAEOLOGY Archaeologists excavated three pits containing the clay army. 
To estimate the number of warriors in Pit 1 shown below, an archaeologist might 
excavate three sites. The sites at the ends together contain 450 warriors. The site 


5 ARCHAEOLOGY in the central region contains 282 warriors. This 10-meter-wide site is thought to 


In 1974, archae- 
ologists discovered the tomb 
of Emperor Qin Shi Huang 
(259-210 B.C.) in China. Not drawn to scale 
Buried close to the tomb 
was an entire army of life- SS 
sized clay warriors. : B2 io! < 210 warriors 


BNE; 


i APPLICATION LINK 
www.mcdougallittell.com 


be representative of the 200-meter central region. Estimate the number of 
warriors in the central region. Then estimate the total number of warriors in Pit 1. 


central region | 


200 m 


SOLUTION Let 7 represent the number of warriors in the 200-meter central 
region. You can find the value of n by solving a proportion. 


Number of warriors found Number of meters excavated 
Total number of warriors ~ Total number of meters 
282 _ 10. 
n 200 


> The solution is n = 5640, indicating that there are about 5640 warriors in the 
central region. With the 450 warriors at the ends, that makes a total of about 
6090 warriors in Pit 1. 


EXAMPLE 5 ] Writing and Using a Proportion 


You want to make a scale model of one of the clay horses found in the tomb. 
The clay horse is 1.5 meters tall and 2 meters long. Your scale model will be 
18 inches long. How tall should it be? 


SOLUTION Let / represent the height of the model. 


Height of actual statue _ Height of model 
Length of actual statue | Length of model 


15 oh 


2 18 


> The solution is h = 135. Your scale model should be 135 inches tall. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Write the extremes and the means of the proportion : = aa 
Concept Check Jf Write yes or no to tell whether the equation is a consequence of f = 4 : 
2. ac = bd 3. ba = dc 4. ad = bc 
a_d b_d a_b 
5. = 6. a 7. rae 
8. Solve the proportion an = t two ways—using the reciprocal property and 
using the cross product method. Which method do you prefer? Why? 
Skill Check / Solve the proportion. Check for extraneous solutions. 
x _2 6_5 2 1 
ae Oe 3 ope i 5 
3 xt+1 f-2. 2 2u—-—3 _u—l 
i A Be ae caer 7 


% MODEL MAKING In Exercises 15 and 16, use Example 5. The proportion 
used in Example 5 compares height to length, but the situation could be 
described using other comparisons instead. 


15. Set up a different proportion to represent the situation in Example 5. 


16. Solve the proportion you wrote in Exercise 15. Do you get the same solution 
as in Example 5? 


PRACTICE anp APPLICATIONS 


ae SOLVING PROPORTIONS Solve the proportion. Check for extraneous solutions. 
Extra Practice IG . 12 4 _7 5 


17: 19.2=£ 


to help you master 4 x wx 3 8. «CO 
skills is on p. 807. 
26. = 515 a7, 2$6 4-5 ag, 274 = 2410 

== as 30. 31.5 = 3 
lesetainitnesaes earn 2.5 >a 7 ‘a= a 4 = 
Example 2: Exs. 17-40 = = 
memes eerie | SRS eee aT Te | HTT 
Example 5: Exs. 41-43 38. = = = 39. 2 _ a 40. — = =, 
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NE; 
L $23) HOMEWORK HELP 


Visit our Web site 
www.mecdougallittell.com 
for help with writing 
proportions to solve 
problems. 


FOCUS ON 
CAREERS 


% IMIURAL PROJECT In Exercises 41-42, use the following information. 


The Art is the Heart of the City fence 
mural project in Charlotte, North 
Carolina, involved artists Cordelia 
Williams and Paul Rousso along with 
22 students in grades 11 and 12. 
Students created drawings on paper. 
Slides of the drawings were made and 
projected to fit onto 4-foot-wide by 
8-foot-long sheets of plywood used 
for the fence panels. Students traced 
and later painted the enlarged images. 


41. If the paper used for the original drawings was 11 inches wide, how long did 


it need to be? 


42. Suppose the length of the paintbrush on the panel shown is 25 feet. Use 


Exercise 41 to find the length of the paintbrush in the student’s drawing. 
43. % SCALE WMIODELS A scale model uses a scale of ts inch to represent 


1 foot. Explain how you can use a proportion and cross products to show that 


a scale of 7g in. to | ft is the same as a scale of 1 in. to 192 in. 


% WHAT STUDENTS BUY In 
Exercises 44-46, use the table. It 
shows the results of a survey in 
which 100 students were asked 
how they spent money last week. 


44. Estimate the number of students 
out of 500 that bought clothes or 
accessories in the last week. 


45. Choose 3 items that were bought 
by different numbers of students. 
Based on the survey, how many 
students out of 20 would you 
predict to have bought each item? 


46. COLLECTING DATA Choose one 
item from Exercise 45. Ask 
20 students whether they bought 
that item. Compare the results 
with your prediction. Are the 


How 100 students spent money 


Number 
of students 


Clothes, accessories 


Books, magazines, comics 


Toys, stickers, games 


Movie tickets 


Arcade games 


Gifts 


Movie rentals 


Music 


Footwear 


Grooming products 


results what you expected? Explain. 


J) MODEL BUILDER 
Ss To make scale 
models, model builders must 47. 1”) SAMPLING FISH POPULATIONS Researchers studying fish populations 
pay close attention to detail. at Dryden Lake in New York caught, marked, and then released 232 Chain 
They use proportions to find pickerel. Later a sample of 329 Chain pickerel were caught and examined. Of 
the correct sizes for abjects these, 16 were found to be marked. Use the proportion below to estimate the 


th deli i eer ats 
eaeaees a ae total Chain pickerel population in the lake. 


Sof CAREER LINK Marked pickerel in sample Marked pickerel in lake 
www.mcdougallittell.com Total pickerel in sample Total pickerel in lake 


11.1 Ratio and Proportion 


EbxDd 
Test ES) 48. IVIULTI-STEP PROBLEM Base your answers on the 1997 population data 
Preparation shown in the table for people 25 years and older in the United States. 


Total population Number of people out of 100 
(in thousands) with education level 


Not a high High school Some college, At least 4 yr 


school graduate graduate but less than 4 yr of college 


170,581 17.9 33.8 24.5 23.8 
RNED 
te] DATA UPDATE of U.S. Bureau of the Census data at www.mcdougallittell.com 


a. Out of 200 people aged 25 years or older, about how many would you 
expect to have just a high school education? to have at least 4 years of 
college? 


b. Write and solve a proportion to estimate the number of people in the 
United States aged 25 years or older with at least 4 years of college. 


c. Suppose a town has 20,000 residents aged 25 years or older. Write and 
solve a proportion to estimate the number of town residents 25 years or 
older who have completed at least 4 years of college. 


d. Whiting Suppose another town has 15,860 people aged 25 years or older 
and that 7581 of these people have completed at least 4 years of college. 
Explain how you can find out whether the number of college graduates in 
that town is typical for a town of that size. 


* Chal lenge 49. LOGICAL REASONING One way to prove that two proportions are equivalent 
is to apply the properties of equality to transform one of the proportions into 
the other proportion. Give a sequence of steps that transforms the proportion 


EXTRA CHALLENGE 
[ aa a_c,.a_b 
www.mcdougallittell.com b od c d° 


MIxeD REVIEW 


COOPER EOE REET EEE EEE E HEE EEE OTHE EEE THEE EEE EEE EEE EEE EEE EEE EEE EE EEE EEE EEEEE EE EEE EEE EEE EEEEEE EEE EEEEEEEEEEOEEEEEEEEEEOEEEEES 


50. DECIMAL AND PERCENT FORM Copy and complete the table. If necessary, 
round to the nearest tenth of a percent. (Skills Review, pages 784-785) 


FINDING SQUARE ROOTS Find all square roots of the number or write no 
square roots. Check the results by squaring each root. (Review 9.1) 


51. 64 52. —9 53. 12 54. 169 
55. —20 56. 50 BT. =< 58. 0.04 
SIMPLIFYING RADICAL EXPRESSIONS Simplify the radical expression. 
(Review 9.2) 

59. V18 60. V20 61. V80. 62. V162 
63. 936 64. [= 65. 428 66. 4/5 


648 Chapter 11. Rational Equations and Functions 


Percents 


PGOAL 1) SOLVING PERCENT PROBLEMS 


Wh at cau snpnnnonsnsen sh rcnsennnnnteeuesnnen tes neeseynunscesenennnereesenseeqenyivadensenveasensnnnenseuross> 
Use equations to 


solve percent problems. In the percent equation “8 is 40% of 20,” you compare 8 to the base number 20 


cue &, 40: gB ; 
Use percents in by writing 20 = 100° The percent for 39 can be written as 40%, as the fraction 
i arate eee 7 or as the decimal 0.4. When you work with percents in equations, you 


insect species in Example 4. usually write the percent as a fraction or as a decimal. In any percent equation the 
base number is the number you are comparing to. You can write a verbal model 
Why you should learnit —_ to help you solve the equation. 


WV To model and solve 3 

VERBAL Number bein: . base 
real-life problems, such as MobEL compared to Bee isa percent of noniber 
comparing two discounted 
prices in Ex. 45. Pie + 

mn LABELS Number compared to base = a@ (same units as b) 
Percent = p (no units) 
| Base number = BD (assigned units) 
ALGEBRAIC a=P-b 
MODEL 


In Examples 1—3 you will see how the basic verbal model above can be applied 
to the three different cases of percent problems—finding a, finding p, or finding 
b. As shown in these examples, percents are usually converted to decimal form 
before performing arithmetic operations. 


EXAMPLE 1 } Number Compared to Base is Unknown 


What is 30% of 70 feet? 


SOLUTION 
veneer a is of [b| 
ODEL 
es Number compared to base = a (feet) 
Percent = 30% = 0.3 (no units) 
Base number = 70 (feet) 


| 


ALGEBRAIC a = (0.3)(70) 
MopDeEL 
a=21 


> 21 feet is 30% of 70 feet. 


11.2 Percents 


TEXAMPLE 2 } Base Number is Unknown 


Fourteen dollars is 25% of what amount of money? 


EE Seton 
Study Tip VERBAL [a| is | p percent | of b 


You can check your work MODEL 
by using a different wv 
method. In Example 2, LABELS Number compared to base = 14 (dollars) 
ou are comparing $14 to 
] aaah of Percent = 25% = 0.25 (no units) 
dollars b. You ee ee Base number = Bb (dollars) 
the proportion b= 100° 
ALGEBRAIC 14 = (0.25) b 
MODEL ‘a 
025°? 
56 = b 
> $14 is 25% of $56. 
T EXAMPLE 3 } Percent is Unknown 
One hundred thirty-five is what percent of 27? 
SOLUTION 
eiecer la\is p percent of |b| 
v 
— Number compared to base = 135 _(no units) 
Percent = p (no units) 
Base number = 27 (no units) 
ALGEBRAIC 
MopEL 135 = p (27) 
135 _ 
27 
5=p Decimal form 
_ _ 500 
500% = p Percent form (5 = an) 
CONCEPT THREE FORMS OF PERCENT PROBLEMS a = pb 
SUMMARY 
QUESTION GIVEN NEED TO FIND EXAMPLE 
ae What is p percent of b? band p Example 1 
s"_- HOMEWORK HELP : 
5 ? 
Vest our Website ais p percent of what ? aand p Example 2 
www.mcdougallittell.com ais what percent of b? aand b Example 3 


for extra examples. 
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I Study Tip 


You can model a percent 
relationship using a 
proportion or a decimal 
equation. This is possible 
because a percent can 
be written as either a 
fraction or a decimal. 


FOCUS ON 
APPLICATIONS 


B ee CLASSIFYING 
> s INSECTS 
Butterflies and moths 
together make up the insect 
order Lepidoptera. About 
17,000 species of butterflies 
and about 153,000 species of 
moths have been classified. 


GENE 
om APPLICATION LINK 
www.mcdougallittell.com 


GQ) usine Percents In REAL LIFE 


GED Modeling and Using Percents 


SCIENCE CONNECTION 
There are about 170,000 
species of butterflies and 
moths world-wide. Butterflies 
and moths make up about 
17% of all classified insect 
species. Estimate how many 


Insect Species in North America 


Lepidoptera Coleoptera 
13% (butterflies \ Wee 33% (beetles) 


and moths) 


Hymenoptera ———* 
18% (includes 
bees and ants) 


Diptera 
é 20% (true flies) 
fe Other 16% 


insect species have been 


classified. Note: the percents for the world-wide species are slightly different. 


SOLUTION 


Method 1 Use the percent equation a = pb. 


VERBAL Number of butterfly | . Total number of 
MODEL and moth species _| 'S of insect species 
” 
LABELS Number of butterfly and moth species = 170,000 —_ (species) 
Percent = 17% = 0.17 (no units) 
| Total number of insect species = BD (species) 
ALGEBRAIC 170,000 = 0.17 b 
MopDEL 
170,000 _ ;, 
0.17 
1,000,000 = b 


> About 1,000,000 species of insects have been classified. 
Method 2 Use a proportion. 


Write ratios that compare the part to the whole. Let b represent the total number 
of insect species that have been classified. 


Number of butterfly and moth species 17 


= Write proportion. 
Total number of insect species 100 
170,000 17 . 
7 = 700 Substitute. 
17b = 170,000 « 100 Use cross products. 
b= meee Divide each side by 17. 
b = 1,000,000 Simplify. 


> About 1,000,000 species of insects have been classified. 


11.2 Percents 


Bi 4, — GETWITSED Using Percents to Compare 


ae The circle graph shows Automobile Ownership Costs 
the average costs (in 
percents) of owning an Depreciation 


and Interest 52.9% 
Gasoline 17.1% 


automobile in 1996. 


Suppose that in 1996 a 
car owner spent $650 on 
gasoline for a car whose 
total costs were $3750. 
Was the percent spent on 
gasoline about the same 
as the national average? 


e— Insurance 14.1% 


Maintenance 7.7% 
Tires 3.6% 
*———— Other 4.6% 


> Source: Runzheimer International 
SOLUTION Use the percent equation a = pb. 


VERBAL Amount spent | . | Total costs of 


w 


LABELS Amount spent on gasoline = 650 (dollars) 
Percent = p (no units) 
| Total costs of owning a car = 3750 (dollars) 


ALGEBRAIC 650 = p (3750) 
MoDEL 


> p ~ 0.173 or 17.3%, which is about the national average of 17.1%. 


GUIDED PRACTICE 


Vocabulary Check J 1. Write an equation that represents the statement “10% of 160 is 16.” What is 
the base number? 


Concept Check J ®% Discounts In Exercises 2-4, the sale price of a shirt is $17.25 after a 
25% discount is taken. 


2. The sale price is what percent of the regular price? 


3. You can model the situation with an equation of the form a is p percent of b. 
Is the base b the sale price or the regular price? 


4. Write and solve an equation to find the regular price of the shirt. 


Skill Check J In Exercises 5-8, solve the percent problem. 
5. 35 is what percent of 20? 6. 12% of 5 is what number? 
7. 18 is 37.5% of what number? 8. 13.2 is 120% of what number? 


9. “& SALES TAX The price of a book without tax is $5.99 and the sales tax 
rate is 6%. Find the amount of the tax by using an equation of the form 
a = pb and by using a proportion. How are the two methods similar? 
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PRACTICE ano APPLICATIONS 


COOTER EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EE EEEEEEEEEEE EEE EEE EEE TEESE EE EEE EEE EEEEEEEE EEE SHEE EE EEEEHEEEEEEEE EEE SEEEESD 


[_ aD UNDERSTANDING PERCENT EQUATIONS Match the percent problem with 
Extra Practice the equation that represents it. 
to help you master A. a = (0.39)(50) B. 39 = p(50) C. 39 = 0.50b 


skills is on p. 807. 
10. 39 is 50% of what number? 


11. 39% of 50 is what number? 
12. $39 is what percent of $50? 


SOLVING PERCENT PROBLEMS Solve the percent problem. 


13. What number is 25% of 80? 14. 85% of 300 is what number? 

15. 18 is what percent of 60? 16. 52 is 12.5% of what number? 

17. 14% of 220 feet is what distance? 18. How much money is 35% of $750? 
19. 42 feet is 50% of what length? 20. What distance is 24% of 710 miles? 
21. 16% of what number is 8? 22. $4 is 2.5% of what amount? 


23. 33 grams is 22% of what weight? 24. 55 years is what percent of 20 years? 
25. How much is 8.2% of 800 tons? 26. 9 people is what percent of 60 people? 
27. 62 hours is what percent of 3 days? 28. 30 inches is what percent of 40 feet? 
29. $240 is what percent of $50? 30. 2 percent of what amount is $200? 


(co)! CONNECTION In Exercises 31 and 32, what percent of the region is 
shaded blue? What percent is shaded yellow? All figures are rectangles. 


60 a 
31. 32. 
20 5 5 
50 20{ _|20 50 
- 5 5 
Fi 
= a a 


®% OIL CHANGES The histo- 
gram shows how 861 people 
answered a survey question 
about when they usually 
change the oil in their cars. 


33. How many of the people 
change their oil between 
3001 and 4000 miles? 


0 
34. How many of the people FS SE FE OC YF L 
hange their oil bet Mev ve & 
HOMEWORK HELP change their oil between SF F EF S ae 
Example 1: Exs. 10-30 4001 and 6000 miles? S 
: = Mil 
Example z See 35. If you surveyed 2500 people, = 
Example 3: Exs. 10-30 
Example 4: Exs. 33-39 about how many people do > Source: Maritz Marketing Research Inc. 
Example 5: Exs. 42, 43 you expect to answer 


“2001 to 3000 miles?” 


11.2 Percents 


SS CHOOSING A COLLEGE In Exercises 36-39, use the graph. It shows the 
responses of 3500 seniors from high schools around the United States. 


FOCUS ON 
CAREERS 


36. What percent of the 
seniors said location 
was the reason for Other 280 +——_——— Cost 945 
their choice? 


Reason for Choosing a College 


Size 175—____, e«———— Availability 
37. What percent of the of Major 735 
seniors said academic Academic ———_—e 
reputation was the Reputation 630 *—— Location 735 


reason for their choice? 
> Source: Careers and Colleges 


aig COLLEGE 38. What percent of the seniors said size or cost most influences their choice? 

RECRUITER 

A college recruiter's duties 39. Use the survey results to predict the number of seniors in a class of 2000 

range from giving tours of students who would say that availability of major most influences their choice. 

the campus, to arranging 

orientation seminars, to 40. ERROR ANALYSIS Find and correct the mistake 

visiting high schools in in the restaurant bill. The tax rate is 8%. Food $2493 

search of promising ; 

enidants. 41. © TIPPING Use the corrected bill from Beverages $5.25 

io CAREER LINK Exercise 40. In the United States, the standard Subtotal $3018 

www.mcdougallittell.com tip for a waiter or waitress is 15%—20%. You + oe 
leave a $4.75 tip. Is your tip within the standard a $422 — 
range if the tip is figured before tax is added? if Total $3440 


the tip is figured on the total including tax? 


% OZONE LAYER SURVEY In Exercises 42-44, use the graph. 


42. In the survey 572 people 
said they think the ozone 
layer is getting worse. What ——- Getting worse 55% 
was the total number of 
people surveyed? 


Do You Believe the Ozone Layer Is... 


«— Staying the same 38% 


43. Use the result from 
Exercise 42. About how 
many of the people 
surveyed think the ozone > Source: Worthlin Worldwide 
layer is staying the same? 


7—— Improving 4% 
_——_ Don’t know 3% 


44. CRITICAL THINKING In this survey the researchers tried to use a 
representative sample of people 18 years old and over in the United States. 
Would this sample be reasonable to use in predicting the responses of 
scientists? Explain. 


45. % THE BETTER BUY You are shopping and find a coat that is on sale for 
30% off. It is regularly priced at $80. Your friend tells you that she saw the 
same coat for $80 in another store, but it was 20% off plus an additional 10% 
off. Will you save money by going to the other store? Explain why or why not. 


ALTERNATIVE MIODELS In Exercises 46 and 47, the charge for a cab ride is 
$11.50, and you give a 20% tip. Using the model, find the total cost of the 
cab ride. Describe what the variable a represents. 


46. Model 1: a is 20% of $11.50. 47. Model 2: a is 120% of $11.50. 
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SxDrd 
Test éS) QUANTITATIVE COMPARISON In Exercises 48-50, choose the statement 
Preparation below that is true about the given numbers. 


CA The number in column A is greater. 
The number in column B is greater. 
C&> The two numbers are equal. 


(> The relationship cannot be determined from the given information. 


Column A Column B 


: 104% of 150 100% of 150 + 4% of 150 


The solution of the equation | The solution of the equation 
24% of x = 450 12% of x = 225 


The solution of the equation | The solution of the equation 


16% of x = 28 16. a 
100 28 


* Challenge 


o 


1. CRITICAL THINKING You earn 10% more money at your summer job than 
your sister earns at her summer job. Does this mean that your sister earns 
10% less money than you? Explain your answer. 


52. CRITICAL THINKING A student claims that if a price is now 220% more than 


it was before, then it is 320% of what it was before, and what it was before is 
www.mcdougallittell.com 31.25% of what it is now. Do you agree? Explain your answer. 


MIxeD REVIEW 


POORER EEE EEE EEE EEE EEE EEE EEE SEE EEE EEE EEE EEE EEE EEE EEE EEE EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEE EEE EEEEESD 


FINDING EQUATIONS The variables x and y vary directly. Use the given 
values of the variables to write an equation that relates x and y. 
(Review 4.5 for 11.3) 


53.x=4,y = 8 54. x = 33,y =9 55.x = —2,y=—1 
be 63,9 = 15 BT.x = 5z,y = 8 58. 4=98, 9 =36 


CHECKING SOLUTIONS Decide whether the ordered pair is a solution of the 
inequality. (Review 9.7) 


59. y <x? + 6x + 12; (-1, 4) 60. y = x7 — 7x + 9; (—1, 2) 

61. y > 2x* — 7x — 15; (2, 5) 62. y = x? + 6x + 12; (1, —4) 
FACTORING EXPRESSIONS Completely factor the expression. (Review 10.8) 
63. x7 + 5x — 14 64. 7x7 + 8x + 1 65. 5x7 — 51x + 54 
66. 4x7 — 28x + 49 67. 6x? + 16x 68. 36x> — 90x° 

69. 3x> + 21x* + 30x 70. 36x> — 9x 71. 15x* — 50x37 — 40x? 


72. % TEXAS POPULATION The population P of Texas (in thousands) for 
1995 projected through 2025 can be modeled by P = 18,870(1.0124)', where 
t = 0 represents 1995. Find the ratio of the population in 2025 to the 
population in 2000. (Review 8.3) > Source: U.S. Bureau of the Census 
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Direct and Inverse Variation 


GYD usine Direct anv INVERSE VARIATION 


RRR RRR ERE ee EERE EERE E EERE EEE EERE REESE EEE EEE EEE EEE EEE EEE EE EE EEE EE EEE EEE EERE EEE EE EEE EEE EEE EED 


In Lesson 4.5 you studied direct variation. Now you will review variation 
What you should learn problems and learn about a different type of variation, called inverse variation. 


SD Use direct and 


Inverse variation. MODELS FOR DIRECT AND INVERSE VARIATION 
Use direct and 

inverse variation to model DIRECT The variables x and y vary directly 

real-life situations, such as VARIATION if for a constant k 

the snowshoe problem in y 

Exs. 43 and 44. x Kory=kx,k #0. 


Why you should learn it 


Wio solve real-life situa- 
tions such as relating the 
banking angle of a bicycle 


to its turning radius xy=kory= A k#0. 


in Example 3. 
wee 


INVERSE The variables x and y vary inversely 
VARIATION if for a constant k 


es noe 


The number kis the constant of variation. 


T EXAMPLE 1) Using Direct and Inverse Variation 


When x is 2, y is 4. Find an equation that relates x and y in each case. 


a. x and y vary directly b. x and y vary inversely 
SOLUTION 
a. - =k Write direct variation model. 
7 =k Substitute 2 for x and 4 for y. 
2=k Simplify. 
> The direct variation that relates x and y is > = 2, or y = 2x. 


b xy =k Write inverse variation model. 
(2)(4) =k Substitute 2 for x and 4 for y. 
8=k Simplify. 


> The inverse variation that relates x and y is xy = 8, or y = & : 
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T EXAMPLE 2 } Comparing Direct and Inverse Variation 


Compare the direct variation model and the inverse variation model you found in 
Example | using x = 1, 2, 3, and 4. 


a. numerically b. graphically 


SOLUTION 


a. Use the models y = 2x and y = St make a table. 


Direct Variation: Because k is positive, 
y increases as x increases. As x increases 
by 1, y increases by 2. 


x-value 1 2 3 4 


Direct, 


y= 2x 
Inverse Variation: Because k is positive, Inverse, 
y decreases as x increases. As x doubles 8 


v=X 


(from 1 to 2), y is halved (from 8 to 4). 


b. Use the table of values. Plot the points and 
then connect the points with a smooth curve. 


Direct 
fa 8 


Direct Variation: The graph for this model is 
a line passing through the origin. b5 


Inverse Variation: The graph for this model is 
a curve that approaches the x-axis as x increases 
and approaches the y-axis as x gets close to 0. 


_Inverse_. 
_8 
, Y= 


Direct and inverse variation models represent functions because for each value 
of x there is exactly one value of y. For inverse variation, the domain excludes 0. 


© ACTIVITY 


SOOO EEE EEE E EEE EEE EEE EEEEEE EEE EEEESEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEESESEEEEEOEESEEEEOEEE®D 


Developin Be ey s ae 
Ganceae Investigating Direct and Inverse Variation 


Make a table and draw a graph for each situation. 
Then decide whether the quantities vary directly, 
inversely, or neither. 


| Gin miles) 

@ You are walking at a rate of 5 miles per hour. | Fatt 

How are your distance d and time f related? (in hours) 

® You take a 5-mile walk. How are your rate r tI 
and time ¢ related? 


© A ball is dropped from a height of 32 feet. 
How are the height / and time f related? 


@ A rectangle has an area of 12 square inches. 
How are the length / and width w related? 


Time (hours) 


5345 6 Tf 
| Distance (miles), 


11.3. Direct and Inverse Variation 


FOCUS ON 


APPLICATIONS 


ee BICYCLE 

Ss BANKING A 
bicyclist tips the bicycle 
when making a turn. The 
angle B of the bicycle from 
the vertical direction is 
called the banking angle. 
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@2VO usine Direct an INVERSE VARIATION IN REAL LIFE 


GIVE) Writing and Using a Model 


BICYCLING The graph below shows a model for the relationship between the 
banking angle and the turning radius for a bicycle traveling at a particular speed. 
For the values shown, the banking angle B and the turning radius r can be 
approximated by an inverse variation. 


bicycle's 
= / 

/ ‘ path 

I 

| I 

\ turning 

1 Me # radius 

| a ™ 


Banking angle (degrees) 


| Turning radius (ft) 


a. Find an inverse variation model that approximately relates B and r. 
b. Use the model to approximate the angle for a radius of 5 feet. 


c. Use the graph to describe how the banking angle changes as the turning 
radius gets smaller. 


SOLUTION 


a. From the graph, you can see that B = 32° when r = 3.5 feet. 


B= . Write inverse variation model. 
32 = A Substitute 32 for B and 3.5 for r. 
112=k Solve for k. 


> The model is B = He where B is in degrees and r is in feet. 


b. Substitute 5 for r in the model found in part (a). 


112 
5 


> When the turning radius is 5 feet, the banking angle is about 22°. 


B= = 22.4 


c. As the turning radius gets smaller, the banking angle becomes greater. 
The bicyclist leans at greater angles. Notice that the increase in the banking 
angle becomes more rapid when the turning radius is small. For instance, 
the increase in the banking angle is about 10° for a 1-foot decrease from 
4 feet to 3 feet. The increase in the banking angle is only about 4° for a 
1-foot decrease from 6 feet to 5 feet. 


Rational Equations and Functions 


GUIDED PRACTICE 


Vocabulary Check J 1. What does it mean for two quantities to vary directly? to vary inversely? 


Concept Check J Does the graph show direct variation, inverse variation, or neither? Explain. 


5. One student says that the equation y = —2x is an example of direct variation. 
Another student says it is inverse variation. Which is correct? Explain. 


Skill Check / Does the equation model direct variation, inverse variation, or neither? 
6.x =— 7.y=7x—2 8. a = 12b 9.ab=9 


When x = 4, y = 6. For the given type of variation, find an equation that 
relates x and y. Then find the value of y when x = 8. 


10. x and y vary directly 11. x and y vary inversely 


PRACTICE ano APPLICATIONS 


COCO C SEES E EEE EEE E EEE EE EE EEE EEE EEEE EEE HEHEHE EEE EEE EEE EEE EEE EEEEE EEE EEE EEE EEEEE SEES TEES EEE SEESEE EEE EEEEEEEEEEEEEEEEEESEEEEESS 


DIRECT VARIATION EQUATIONS The variables x and y vary directly. Use the 
Extra Practice given values to write an equation that relates x and y. 
to help you master 12.x=3,y=9 13.x=2,y=8 14.x= 18,y=6 
skills is on p. 807. 

15. x = 8, y = 24 16. x = 36, y = 12 17.x =27,y =3 

18. x = 24, y = 16 19.x = 45,y = 81 20. x = 54, y = 27 


INVERSE VARIATION EQUATIONS The variables x and y vary inversely. Use 
the given values to write an equation that relates x and y. 


21.x=2,y=5 22.x=3,y=7 23.x = l6o,y=1 
24.x=1l,y=2 25.x=t,y=8 26.x=-“Z,y=5 
_ . _. 1 _ 7 
27.x= 1l2,y=7 28.x=5,y=3 29. x = 30, y = 7.5 
30. x = 1.5, y = 50 31.x=45,y=2 32.x=105,y=7 


DIRECT OR INVERSE VARIATION Make a table of values for x = 1, 2, 3, and 
HOMEWORK HELP 


4. Use the table to sketch a graph. Decide whether x and y vary directly or 
Example 1: Exs. 12-32 


Example 2: Exs. 33-38 inversely. 
Example 3: Exs. 43-46 _4 3 - 
33. y= > 34. y= 5. 35. y = 3x 36. y =~ 


11.3 Direct and Inverse Variation 


FOCUS ON 
APPLICATIONS 


J) SNOWSHOES 
aye ex Snowshoes are 
made of lightweight 
materials that distribute a 
person's weight over a large 
area. This makes it possible 
to walk over deep snow 
without sinking. 


N, 
R $23, HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 47-49. 


VARIATION IVIODELS FROM DATA Decide if the data in the table show 
direct or inverse variation. Write an equation that relates the variables. 


+") VARIATION IVIODELS IN CONTEXT State whether the variables have 
direct variation, inverse variation, or neither. 


39. BASE AND HEIGHT The area B of the base and the height / of a prism with 
a volume of 10 cubic units are related by the equation Bh = 10. 


40. VIASS AND VOLUME The mass m and the volume V of a substance are 
related by the equation 2V = m, where 2 is the density of the substance. 


41. DINNER AND BREAKFAST Alicia cut a pizza into 8 pieces. The number of 
pieces d that Alicia ate for dinner and the number of pieces b that she can eat 
for breakfast are related by the equation b = 8 — d. 


42. HOURS AND PAY RATE The number of hours / that you must work to earn 
$480 and your hourly rate of pay p are related by the equation ph = 480. 


4.) SNOWSHOES In Exercises 43 and 44, use the following information. 
When a person walks, the pressure P on each boot sole varies inversely with the 
area A of the sole. Denise is walking through deep snow, wearing boots that have 
a sole area of 29 square inches each. The boot-sole pressure is 4 pounds per 
square inch when she stands on one foot. 


43. The constant of variation is Denise’s weight in pounds. What is her weight? 


44. If Denise wears snowshoes, each with an area 11 times that of her boot soles, 
what is the snowshoe pressure when she stands on one foot? 


% OCEAN TEMPERATURES The 
graph for Exercises 45 and 46 shows 
water temperatures for part of the 
Pacific Ocean. Assume temperature 
varies inversely with depth at depths 
greater than 900 meters. 
45. Find a model that relates the 
temperature 7 and the depth d. 
Round k to the nearest hundred. 


Pacific Ocean Temperatures 


=) 
2 
o 
‘= 
=] 
= 
c 
— 
o 
3 
5 
4 


46. Find the temperature at a depth 0 
of 5000 meters. Round to the 0 1000 2000 3000 4000 5000 
nearest tenth of a degree. Depth (meters) 


% FUEL MILEAGE In Exercises 47-49, you are taking a trip on the highway 
in a car that gets a gas mileage of about 26 miles per gallon for highway 
driving. You start with a full tank of 12 gallons of gasoline. 


47. Find your rate of gas consumption (the gallons of gas used to drive 1 mile). 


48. Use Exercise 47 to write an equation relating the number of gallons of gas in 
your tank g and the number of miles m that you have driven on your trip. 


49. Do the variables g and m vary directly, inversely, or neither? Explain. 
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d 


Odds 
Test 50. IIULTI-STEP PROBLEM Use x to represent one dimension of a rectangle, 
Prep aration and use y to represent the other dimension. 


a. Make a table of possible values of x and y if the area of the rectangle is 
12 square inches. Then use your table to sketch a graph. 


b. Do x and y vary directly, inversely, or neither? Explain your reasoning. 


c. Make a table of possible values of x and y if the area of the rectangle is 
24 square inches. Then use your table to sketch a graph in the same 
coordinate plane you used for your graph in part (a). 


d. CRITICAL THINKING How is the area of the first rectangle related to the 
area of the second rectangle? For a given value of x, how is the value of y 
for the first rectangle related to the value of y for the second rectangle? For 
a given value of y, how are the values of x related? 
* Challenge CONSTANT RATIOS In Exercises 51 and 52, use the following information. 
In a direct variation, the ratio 2 is constant. If (x1, y,) and (x, y2) are solutions of 


the equation » k, then “1 — k and 22 = k. Use the proportion 1 — »2 to find 
x Xi x2 xy Xy 

the missing value. 

51. Find x, when x, = 2, y; = 3, andy, = 6. 


52. Find y, when x; = —4, y; = 8, andx, = —1. 


CONSTANT PRODUCTS In an inverse variation, the product xy is constant. 
If (x4, ¥) and (4%, yz) are solutions of xy = k, then x,y, = Xzy>. Use this 
equation to find the missing value. 


53. Find y, when x, = 4, y; = 5, and x» = 8. 
www.mcdougallittell.com 54. Find x, when x; = 9, y; = —3, and yy = 12. 


MIxeD REVIEW 


SIMPLIFYING FRACTIONS Simplify the fraction. (Skills Review, p. 781-783) 


36 27 96_ —15 
28 56. 708 57. 780 98. 795 


55 
PROBABILITY Find the probability. (Review 2.8 for 11.4) 
59. You roll a die. What is the probability that you will roll a four? 
60. You roll a die. What is the probability that you will roll an odd number? 
SIMPLIFYING FRACTIONS Simplify the fraction. (Review 8.3 for 11.4) 

Sxy 


4.7 =3x2 2,5 
61.2 62. a3, py 
y Sx 3x"y 64x“y 


CLASSIFYING POLYNOMIALS Identify the leading coefficient, and classify 
the polynomial by degree and by number of terms. (Review 10.1) 


65. —5x —4 66. 8x* + 625 67.x—x3 68. 16 — 4x + 3x2 


11.3. Direct and Inverse Variation 


Quiz 1 Self-Test for Lessons 11.1-11.3 


x _4 Paes x 2 6x+4 2 
1.— = 2.59 3. . 


The variables x and y vary inversely. Use the given values to write an 
equation that relates x and y. (Lesson 11.3) 

5.x=3,y=4 6.x=12,y=1 7.x=24,y=3 
® Car WASH In Exercises 8 and 9, 


use the survey results. (Lesson 11.2) Method Percent 


of people 


Hand-wash at home 


Automatic car wash 


8. In the survey, 413 people said they 
hand-wash their cars at home. How 
many people were surveyed? Round 
to the nearest whole number. Manually wash it 

myself at a car wash 


9. Use the result of Exercise 8 to find 
the number of people in the survey 
who wash their cars at an automatic 
car wash. Other 


> Source: Maritz Marketing Research 


Others manually wash 
it at a car wash 


io APPLICATION LINK 
www.mcedougallittell.com 


J History of Polling 


IN THE 19308, opinion polls were conducted by interviewers knocking on 
people’s doors. Later telephone polling became popular and a sampling 
method using random digit-dialing was developed. 


DURING THE 1990S, television stations used computers to evaluate 

exit poll data and present real-time election results. 

After the polls closed in one of the 1998 governor's races, exit poll data 
reported that the top three candidates had 37%, 34%, and 28% of the vote. 


1. A total of 2,075,280 votes had been counted so far. If the exit polls accurately 
described the vote count, about how many votes did each candidate have? 


2. Use your results from Exercise 1. The final vote count included 16,486 more 
votes. If these votes were all for one candidate instead of being distributed as 
exit polls predicted, would the outcome of the election have been changed? 


1970s on 


Presidential Election 


Opinion polls incorrectly Telephone polling i Internet sites enable voters 
predict Dewey's win. becomes common to learn early results 
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© ACTIVITY 11.3 


Using Technology 


1.06771 
1.11276 
1.17583 
1.24341 
1.32450 
1.40559 
1.51371 
1.62183 
1.74347 
1.90566 


NE, 
ie 3 KEYSTROKE 
mn HELP 


See keystrokes for 
several models of 
calculators at 
www.mcdougallittell.com 


Graphing Calculator Activity for use with Lesson 11.3 


Modeling Inverse Variation 


You can use a graphing calculator or a computer to decide whether quantities 


vary directly, inversely, or neither. 


> EXAMPLE 


During a chemistry experiment, the volume of a fixed mass of air was decreased 
and the pressure at different volumes was recorded. The data are at the left, where 
x is the volume (in cubic centimeters) and y is the pressure (in atmospheres). Use 
a graphing calculator to determine if the data vary directly, inversely, or neither. 


Then make a scatter plot to check your model. 


> SOLUTION 


@ Let L, represent the volume x and 
L, represent the pressure y. Enter 
the ordered pairs into the graphing 
calculator. Then create lists L; and 
L, as shown to find whether the 
data vary directly or inversely. 


L2/L1>L3 
© -O5838855) SERIE 6. 
L2*L1>L4 


GAlmooead 21.142. 55 


5 ; 


(3) To find the constant of variation k, 
find the mean of the values in Ly. 
Use this value to write an inverse 


variation model in the form 


Bs 
Vine 


mean(L4) 
Ze eSioi)S 


> EXERCISES 


2) Notice that the values in L; are all 


different while the values in L, are 
all about 21.1. This means that x 
and y vary inversely. 


m6 705539215 
io V2) bse ls 
1.1758).06532)21. 


1.2434|.07314)21. 
1.3245}.08278/21. 
LA=(( Er ee 


Set the viewing rectangle so that 
11 =x = 20 and 1 = y =2. Make 
a scatter plot of L, and L,. Then 


graph y = aL on the same 
screen. 

2.0 

1.5 

1.0 


Use a graphing calculator to decide if the data vary directly or inversely 
and to find the constant of variation. Then write a model for the data. 


1. (10, 8.25), (9, 7.425), (8, 6.6), (7, 5.775), (6, 4.95), (5, 4.125), (4, 3.3) 
2. (18, 1.389), (17, 1.471), (16, 1.563), (15, 1.667), (14, 1.786), (13, 1.923) 


11.3 Technology Activity 


What. you should learn 
Simplify a rational 


expression. 


S03 Use rational 


expressions to find geometric 
probability. 


Why you should learn it 


V To model real-life 
situations, such as finding the 
probability of a " ve 
in Exs. 36-38. 


L Study Tip 


When you simplify 
rational expressions, 
you can divide out only 
factors, not terms. 


Simplifying Rational 
Expressions 


PGOAL 1) SIMPLIFYING A RATIONAL EXPRESSION 


ORR e eee EERE EERE EERE EERE RHEE EEE EEE EEE EEE EERE EEE EE EEE EEE EERE EEE EE EEE EEE EEEEEEE EEE EEE EE EEE ESSERE 


A rational number is a number that can be written as the quotient of two 


integers, such as +5 3 and t A fraction whose numerator, denominator, or both 


numerator and denominator are nonzero polynomials is a rational expression. 
Here are some examples. 
3 2x 3x +1 
x+4 x =9 xt] 
A rational expression is undefined when the denominator is equal to zero. For 
instance, in the first expression x can be any real number except —4. 


To simplify a fraction, you factor the numerator and the denominator and then 
divide out any common factors. A rational expression is simpli 
numerator and denominator have no factors in common (other than + #1). 


SIMPLIFYING FRACTIONS 


Let a, b, and c be nonzero numbers. 


ac _ are _ 
be 


T EXAMPLE 1 } When and When Not to Divide Out 


Simplify the expression. 


. 2x b x(x? + 6) . x+4 
"2x + 5) : x2 : 
SOLUTION 
2x _ wi x. a 
a. 20+ 5) = Ax + 5) You can divide out the common factor 2. 
——— Simplified form 
x+5 P 
x(x7 + 6) x(x? + 6) 
b. 5) = You can divide out the common factor x. 
x ex 
+6 
ae Simplified form 
c. ane You cannot divide out the common term x. 


ta 
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_ aa T EXAMPLE 2 ] Factoring Numerator and Denominator 
$°53 HOMEWORK HELP 


Visit our Web site Simplify Ox” = 6x 
. > 
www.mcdougallittell.com 6x 

for extra examples. 


SOLUTION 
2 _, — 
2x? — 6x _ 2x(x — 3) Factor numerator and denominator. 

6x2 223exex 

= 2a(x = 3) Divide out common factor 2x. 
2x(3x) 

= K=3 ee 
= 3 Simplified form 


GIVE) Recognizing Opposite Factors 


oa Cae ad 

lify =———... 
Simplify 7-9 
SOLUTION 

4-x? — (2-—x(2+4x) 


a ao = Dae) Factor numerator and denominator. 


— —( — 2)(2 + x) 

G —2@+ 1) Factor —1 from (2 — x). 
_ —be—2)(« + 2) - 

G—AH(x +1) Divide out common factor x — 2. 
= = + 7 Simplified form 


GZVEE) Recognizing when an Expression is Undefined 


In Examples 2 and 3, are the original expression and the simplified expression 
defined for the same values of the variable? 


SOLUTION A rational expression is undefined when the denominator is 0. Think 
Look Back of setting the denominator equal to 0 and then solving that equation. 
For help with using the Example 2: Yes, 6x~ = 0 and 3x = 0 have the same solution: x = 0. Both 


zero-product property, 


expressions are undefined when x = 0. 
see p. 597. 


Example 3: No, x* — x — 2 = Oandx + 1 = 0 do not have the same solutions. 
To see this set the denominator of the original expression equal to zero. 


x*7-x-2=0 Set denominator equal to 0. 
(x — 2)(x + 1) =0 Factor denominator. 
x-—2=0 or x+1=0 Use zero-product property. 
x=2 x=-1 Solve for x. 
> The original expression is undefined when x = 2 and x = —1. The 
simplified expression is undefined only when x = —1. 


11.4 Simplifying Rational Expressions 


PGOAL 2) APPLYING RATIONAL EXPRESSIONS 


Rational expressions can be useful in modeling situations such as finding 
averages, ratios, and probabilities. In Chapter 2 you learned to find theoretical 
probability by comparing the number of favorable outcomes to the total number 
of outcomes. In some cases, you can give theoretical probabilities a geometric 
interpretation in terms of areas. 


GEOMETRIC PROBABILITY 


Region Bis contained in Region A. An object is tossed onto Region A 
and is equally likely to land on any point in the region. 


_ Area of Region B 
~ Area of Region A’ 


P 


TEXAMPLE 5) Writing and Using a Rational Model 


A coin is tossed onto the large rectangular 
region shown at the right. It is equally likely 


to land on any point in the region. 
; : re 4x-—4 
a. Write a model that gives the probability | | ane ‘ 
that the coin will land in the small x 
rectangle. 
b. Evaluate the model when x = 10. 3x 
SOLUTION 
Area of small rectangle ; a 
a. P= Formula for geometric probability 


Area of large rectangle 


— x +2) — 
axl4a = 4) ind areas. 
ee) - 
= Sead = 1h AG = 1) Divide out common factors. 
ED fees 
= DG=) ay Simplified form 


b. To find the probability when x = 10, substitute 10 for x in the model. 


pace = Med 
12¢—1) 1200-1) 108 9 


> The probability of landing in the small rectangle is ‘. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Define a rational expression. Then give an example of a rational expression. 
Concept Check J ERROR ANALYSIS Describe the error. 


3. 


Ne 
| 


Skill Check / For what values of the variable is the rational expression undefined? 


6 x-1 2 
4.3 5.55 oe 
: a : : 6 + 2x 
7. Which of the following is the simplified form of =~—-——? 
x°+5x+6 
2x 2 2 
2 be Sx Bas ea) 
8. Which ratio represents the ratio of 
the area of the smaller rectangle to an 
9 
the area of the larger rectangle? Sef ay cla 
1 1 
A.5~ B. 7. 


PRACTICE anp APPLICATIONS 


COPS S OSHS SE EE EEE EE HESS E ESTES EEE SESE S EEE TEESE EE EES EEE SEES SEES SEES EE EEES ESE SESESESEEEEE EEE EE SESE ESEEEEEESESEEEESEESEEEEEEEES 


_ SIMPLIFYING EXPRESSIONS Simplify the expression if possible. 
Extra Practice 4x 15x —~18x" 


to help you master 9. 20 10. 45, 11. 12x 
skills is on p. 807. ‘ : : 
12 14x 13 Sxo = 18x 14 42x — 6x 
50x" "= 9,? 36x 
2 — 
15. 71x ; 16. = + 2x 12 5x 
lee x+2 10x? — 24x 
2 4 
X25 Piia®.: 2x° + 11x -6 
© 2x 10 x? — 8x + 15 ens x+6 
2 _ 3 2 3 
21. ata 20 a9. x + i + 14x 93, —* = 
x’ + 2x — 15 a = 4 x? + 5x? — 6x 


/_ UNDEFINED VALUES For what values of the variable is the rational 
HOMEWORK HELP 


expression undefined? 
Example 1: Exs. 9-23 


Example 2: Exs. 9-23 7 11 uI 

Example 3: Exs. 9-23 aS 3 oie 8 ae: 2-1 

Example 4: Exs. 24—29 

Example 5: Exs. 30-33 97, 2+3 2g, —2+9 — 29, 2-3 — 
x9 x +x — 12 x° + 5x—6 


11.4 Simplifying Rational Expressions 


GEOMETRIC PROBABILITY A coin is tossed onto the large rectangular 
region shown. It is equally likely to land on any point in the region. Write 
a model that gives the probability that the coin will land in the red region. 
Then evaluate the model when x = 3. 


31. 


4x 5x +3 


5x+3 
3x+6 10x + 6 


‘ CARNIVAL GAMES In Exercises 32-34, use the following information. 
You are designing a game for a school carnival. 
Players will drop a coin into a basin of water, trying 
to hit a target on the bottom. The water is kept moving 
randomly, so the coin is equally likely to land anywhere. 2x 
You use a rectangular basin twice as long as it is wide. 

You place the blue rectangular target an equal distance y 
from each end. x 


y 


32. Express the two dimensions of the target in terms of the variables x and y. 
33. Write a model that gives the probability that the coin will land on the target. 


34. CRITICAL THINKING You want players to win about half the time. Give a 
set of values you could use for x and y if the basin’s area is between 72 and 
120 square inches. 

2 
35. Writing Create three problems of the form ax + bx Fe in which the 
dx* +ex+f 
numerator and the denominator have a common factor. Describe the process 
you used to create your problems. 


® METEOR STRIKES In Exercises 36-38, 
use this information. A meteorite is 
FOCUS ON 


APEEESONS equally likely to hit anywhere on Earth. ; if 
The probability that a meteorite lands in the — 


Equator 


Area of Torrid Zone 


Torrid Zone Is tea surface area of Earth’ Tropie of Capricorn 


Let Rrepresent Earth’s radius. 


36. Write an expression to estimate the area 
of the Torrid Zone. You can think of 
the distance between the tropics (about 


WS 
IMPACT CRATER ; , ; : 
ay at Wolfe Creek 3250 miles) as the height of a cylindrical — 
Australia. When a rocky belt around Earth at the equator. The length oe 
object moving in space of the belt is Earth’s circumference 27R. 
enters Earth's atmosphere, it : . 
starts to burn causing the 37. The surface area of a sphere with radius R 
flash of light called a meteor. is 477R*. Write and simplify an expression 
Most such objects burn up for the probability that a meteorite lands in 
completely, but about 500 the Torrid Zone. 
strike Earth each year as 
meteorites. 38. Find the probability in Exercise 37. Use 3963 miles for Earth’s radius. 
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Test 


Preparation 


* Challenge 
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MIxeD REVIEW 


39. IVIULTI-STEP PROBLEM In this exercise you will look for a pattern. 


a. Copy and complete the table by evaluating the expression for each x-value. 


Die 
b. Describe the relationship between rai and x + 2. What does the 


table tell you about this relationship? 


c. CRITICAL THINKING Write another pair of expressions that have this 
relationship. Describe the procedure you used to find your example. 


40. RATIOS Write the ratio in simplest form 
comparing the area of the smaller rectangle 
to the area of the larger rectangle. 


41. PROPORTIONS Solve the proportion. 


xt5xt+6_ x7 -4e-5 
x?7-2x-8 x?-8x+15 Ex. 40 


SOPOT E HEHE OE HEEH EEE EOE EEE EEEE EEE EEEEE EEE EEEEE EEE EEEEEEEEEEEE EEE EEEEEEESEEEEEESEEEEEEEEOEESD 


PRODUCTS AND QUOTIENTS Simplify. (Review 2.5 and 2.7 for 11.5) 


ae: 5 214 fs 
42. (3) (2) 43. ci9(-2) 44. ay 45. 9° ( 36) 
U3) 2m 2,2 36 . —9a _ te » =e 
46. ( rales, 47. 3 6m 48. asa 49. —18c° = ae 


50. GEOMETRY The area of the triangle is 
192 square meters. What is the value of x? 
What is the perimeter? (Review 9.1) 


3x 3x 


SKETCHING GRAPHS Sketch the graph of the function. (Review 9.3) 
51. y = x7 52. y=4- x 53. y = 5x’ 
54, y = 5x7 + 4x —5 55. y = 4x7 -x+6 56. y = —3x* -—x+7 


57. % POPULATION DENSITY Population density is the number of people per 
square mile. Suppose the population density of a city decreases by 8% for 
every mile you travel from the center of the city. In the center of the city, the 
population density is 2500 people per square mile. Find an exponential decay 
model for the population density. Copy and complete the table. (Review 8.6) 


[oismestonomerstowmied [23] 4 [5] 6) 


Population density (people per square mile) 


11.4 Simplifying Rational Expressions 


What. you should learn 
Multiply and divide 


rational expressions. 


Sy Use rational 


expressions as real-life 
models, as when comparing 
parts of the service industry 
to the total in Exs. 38-41. 


Why you should learn it 


Vv To model real-life situa- 
tions, such as describing the 
average car sales per 
dealership in Example 6. 


| i Study Tip 


When multiplying, you 
usually factor as far as 
possible to identify all 
common factors. Note, 
however, that you do not 
need to write the prime 
factorizations of 24 and 
60 in Example 1, if you 
recognize 12 as their 
greatest common factor. 


Multiplying and Dividing 
Rational Expressions 


PGOAL 1) FINDING PRODUCTS AND QUOTIENTS 


ORE R EERE EERE EEE EEE EEE EEE EEE EEE EE EEE EEE EEE EEE EE EEE EE EEE EEEEEEEEEEEEE EEE ESTEE EEEEEEEEEEEEE EEE EEE EES 


Because the variables in a rational expression represent real numbers, the rules 
for multiplying and dividing rational expressions are the same as the rules for 
multiplying and dividing numerical fractions. 


MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS 


Let a, b, c, and d be nonzero polynomials. 


TO MULTIPLY, multiply numerators and denominators. 


TO DIVIDE, multiply by the reciprocal of the divisor. 


T EXAMPLE 1 ] Multiplying Rational Expressions Involving Monomials 


. we 3x2 8x2 
Simplif . Z 
Pe ag 15x4 
SOLUTION 


an 8x? _ 24x° 
4x 15x* 60x? 


Multiply numerators and denominators. 
Factor, and divide out common factors. 


Simplified form 


T EXAMPLE 2 } Multiplying Rational Expressions Involving Polynomials 


x x-—3 


Simplif : : 
De BP =O eS 
SOLUTION 
x x=3 _ x(x¢-= 3) Multiply numerators 
9x2 = Oy 9x27 4+%=-3 (3x2 — 9x)(2x2 + x — 3) and denominators. 
(x= 3) Factor, and divide out 
= 3x(a— 3x — 1)(2x + 3) common factors. 
1 


Simplified form 


~ 3 — D(x + 3) 


Chapter 11 Rational Equations and Functions 


SEs GLEE Muttiptying by a Polynomial 
Study Tip 


When you multiply the : : 71x . 
numerators and the Suapiy ee 4+5x44 (x + 4). 
denominators, leave the 

products in factored SOLUTION 

form. At the very end, 
you may multiply the ; ° 
remaining factors or you a PN 4 
may leave your answer 


7x (Gi )= TX Jax t4 x+4 


Write x + 4as 7 


in factored form, as in = et a) + 4) Piel Alot and 
Example 2. xi + 5x +4 
Tx(x +4) Factor, and divide out 
= & + D@&+4) common factors. 
_ _7Ix Simplified form 
x+1 


GTA) Dividing Rational Expressions 


4n .n-9 


mts nes 


Simplify 


SOLUTION 


4n_.n-9_ 4n_  ,nt5 
n+5 n+5 nt+5 n-9 


Multiply by reciprocal. 


4n(n + 5) ; ; 
= (n + 5)(n — 9) Multiply numerators and denominators. 
_ _ Ana) _ one 4 
(n-+5)(n — 9) ivide out common factors. 
= au Simplified form 


GEV Dividing by a Polynomial 


Das 
Simplify ae + (= 9), 
SOLUTION 
2 2 
MSO yp Ay ee SD A : , 
Ast : (x 3) oe G3 Multiply by reciprocal. 
_  x7-9 : : 
= 42 — 3) Multiply numerators and denominators. 
+ 
ANE? neblewaneele = a Factor, and divide out common factors. 
= 
Visit our Web site 
www.mcdougallittell.com —~x+3 Simplified form 
for extra examples. 4x? 


11.5 Multiplying and Dividing Rational Expressions 


G@QM® usine Rationat MopELs In REAL LIFE 


5 T EXAMPLE 6 } Writing and Using a Rational Model 
ales 


The models below can be created using data collected by the National 
Automobile Dealers Association in the United States. Five-year intervals from 
1975-1995 were used. Let ¢ represent the number of years since 1975. 


30,000 + 300t 
1 + 0.03t 


Number of new-car dealerships: D = 


80 + 10t 


Total sales (in billions of dollars) of new-car dealerships: S = 1-002 


a. Find a model for the average sales per new-car dealership. 


b. Use the model to predict the average sales in 2005. 


SOLUTION 
a. VERBAL Average sales | _ Totalsalesof . Number of 
MODEL per dealership dealerships ~ dealerships 
” 

LABELS Average sales per dealership = [A| 
Total sales of dealerships = ao ie 
Number of dealerships = wee at 

ALGEBRAIC [A] = Bot 10 7 30.000 + 300 Write algebraic model. 
MODEL a = 


— 80+ 107 , 1+ 0.032 
1—0.02t 30,000 + 300t 


Multiply by reciprocal. 


(80 + 10/)(1 + 0.037) Multiply numerators and 
(1 — 0.021)(30,000 + 3002) denominators. 


= (40)(8 + t)(. + 0.032) Divide out common 
(1 — 0.021)(40)(3000 + 30t) factor 10. 


(8 + 4)(1 + 0.032) 
(1 — 0.022)(3000 + 302) 
average sales (in billions of dollars) per new-car dealership. 


> The equation A = is a model for the 


b. In the year 2005, t = 30, so substitute 30 for ¢ in the model for A. 
(8 + 30)(1 + 0.03 * 30) 38°19 — 72.2 


(IT — 0.02 + 30)(3000 + 30-30) ~ 0.4-3900 ~ 1560 ~ 9.04628 


> The model predicts that the average sales in 2005 will be about 
$0.0463 billion. Because | billion is 1000 million, you can express 
$0.0463 billion as 0.0463 * 1000 million, or $46.3 million. 
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GUIDED PRACTICE 


Concept Check J 1. Describe the steps used to multiply two rational expressions. 
2. Describe the steps used to divide two rational expressions. 


3. ERROR ANALYSIS Describe 
the error in the problem at the 
right. Then do the division 
correctly. 


Ex. 3 
Skill Check / Simplify the expression. 
3x | 4x* ga = 1,2 
"Ree 3x? ~ ¢  3x-3 
x x—-5 3x 
. . 7. “(x +3 
x27-25 x+5 x? — 2x - 15 ( ) 
x. x Ax? — 25 | 
OG =a, A=5 9. x5) 
10 x7—4x+3,.x-1 a Ox? +6x+1 . 3x+1 
. 2x a) ; x+5 et he Bi 


COCO EEE EEE EE EEE EE EEE EEE E TESTE EEE SEES EE EEE EEE EEE EEE EEE TEESE EEE EEEEE EEE EEEEESEEEEE EEE SEES EEE EE EEEEEEEEEEEE EES EEEE EEE EEES 


_ ee SIMPLIFYING EXPRESSIONS Simplify the expression. 
Extra Practice 4x 9x? 8 ae. De 


1 
to help you master 12. 3s Loa * 18x 14: “6x (Ox 
skills is on p. 807. 
6e” . Aa” 25e" . Se is? 
19. er” 16x 16. Tox ~ 10x ea oy 
5 — 2x 24 4x x—3 —3 x—-4 
12 ay 6 Sei, 60 4 DED 
3x", Oe x .xt5 Ser 15... KAS 
ane * 95 ae aes) 23. "3x (OK 
Ax+2) . 4(x- 2) x7 — 36 | 8 
24.503)? ais Ba? (x — 6) 26s 5 (8 12s) 
27. x _. ~-® 23.——* * (3x — 4) 
x“ — 2x —24 6x* + 9x 3x + 2x — 8 
x+1_s, 5 2 2 1 
aT 2 36= a a= 3) 30. (4x° + x— 3)" Ga a@—1 
HOMEWORK HELP ¥ 
Examples 1-5: 31. , 8x + 15 : 3 15 32. 6x +x = 33 : 6 11 
Exs. 12-34 x? — 3x ve ) x+4 ee ) 
Example 6: Exs. 35-40 
33 (4-42); x 34 (25-5) + $8 
"\5 2 * 30 "\ 3 xj ° 25 


11.5 Multiplying and Dividing Rational Expressions 


FOCUS ON 
CAREERS 
—\ - ‘ ’ 


Je SERVICE 

>» INDUSTRY 
CAREERS The service 
industry includes a wide 
range of careers. Fields of 
service include health care, 
automobile and other repair 
services, legal assistance, 
education, and recreation. 


ANE: 
in CAREER LINK 
www.mcdougallittell.com 


&S RAILROAD TRAVEL In Exercises 35-37, the models are based on data 
about train travel from 1990 to 1996 in the United States. Let t represent 
the number of years since 1990. > Source: Statistical Abstract of the United States 


6300 — 800r 
1 —0.12t 


222 — 2At 
10—-t 


Miles (in millions) traveled by passengers: M = 


Passengers (in millions) who traveled by train: P = 


35. Find a model for the average number of miles traveled per passenger. 


36. Use the model found in Exercise 35 to estimate the average number of miles 
traveled per passenger in 1995. 


37. Use the model to predict the average number of miles traveled per passenger 
in 2005. 


‘4 SERVICE INDUSTRY In Exercises 38-41, the models below are based on 
data collected by the Bureau of Economic Analysis from 1990 to 1997 in the 
United States. Let t represent the number of years since 1990. 


Sot eines ee. — 1055 + 23t 
Total sales (in billions of dollars) of services: S = “T= O.04E 
oh ee ne _ 46 + 0.7t 
Total sales (in billions of dollars) of hotel services: HT = T—008 
48 —t 


Total sales (in billions of dollars) of auto repair services: A = T— 0.061 


38. Find the total sales given by each model in 1990. 


39. Find a model for the ratio of hotel service sales to total service industry sales. 
Was this ratio increasing or decreasing from 1990 to 1997? Explain. 


40. Find a model for the ratio of auto service sales to total service industry sales. 
Was this ratio increasing or decreasing from 1990 to 1997? Explain. 


41. Writing What do your answers in Exercises 38 and 39 tell you about 
how the sales of the service industry were changing in the period from 
1990 to 1997? 


PROOF In Exercises 42 and 43, use the proof shown below. 


Statement Explanation 
He 8 Aerie : . 
1. be ee Seay 1. Apply the rule for multiplying rational expressions. 
2.2 = re me 2. Any nonzero number divided by itself is 1. 
3.2 = 5 3. Any nonzero number multiplied by 1 is itself. 


42. LOGICAL REASONING Copy and complete the proof to show why you can 
divide out common factors. 


43. Use the method from Exercise 42 to show that a ee ; 
x27-4 xt+2 
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MIxeD REVIEW 


COPECO EEE EE EEE EEE EES 


44. WMIULTIPLE CHOICE Which of the following represents the expression 
2_ _9)2 
f= 3k. eH) 

x? — 5x +6 2x 


in simplified form? 


x(x — 3) x x-2 
a> @F @*5 
ae 3) x7— 4x +4 
O-~ (an ee 
2 
45. MULTIPLE CHOICE Which product equals the quotient (2x + 2) + ete) 
1 etx Qn+2 x7 +x 1 4 
BD +2 4 1 4 © 42 ye + x 
2x +2 4 2x + 2 4 
& 1 xv+x © a+2 xr+x 


INDEPENDENT EVENTS In Exercises 46-47, use the following information. 
Two events are independent if the probability that one ™ 

event will occur is not affected by whether or not the other =— 
event occurs. For independent events A and B, the 
probability that A and B will occur equals the probability 
of A times the probability of B. 


For example, if you draw a marble from the jar at the 
right, put it back, and then draw another one, the 


probability that both marbles are red is = ay 


46. A bag contains n marbles. There are r blue marbles and the rest of the 
marbles are yellow. Find the probability of drawing a yellow marble followed 
by a blue marble if the first one is put back before drawing again. 


47. Look back at the carnival game in Exercises 32—34 on page 668. Find the 
probability of hitting the target two times in a row. 


CRORE OEE EOE HEHEHE EEE EEE EEE EEE EEE EEEE EEE EEEE EEE EE EEE EEEEEEEEE EEE EEEEEEEEEEH EEE EE EEEEEEEEEE 


FINDING THE LCD Find the least common denominator. (Skills Review, 
pp. 781-783) 


32 23 29). 14 31 
98.6 49. 9> 1g 50. 76> 30 51. 34> 8] 


QUADRATIC FORMULA Solve the equation. (Review 9.5) 


52. 2x7 + 12x -—6=0 53. x7 —6x+7=0 54. 3x7 + 11x + 10=0 
POLYNOMIALS Add or subtract. (Review 10.1 for 11.6) 

55. (417 + 5t + 2) — (#7 — 3t — 8) 56. (16p° — p? + 24) + (12p? — 8p — 16) 
57. (at — 12a) + (4a3 + 11a — 1) 58. (—5x2 + 2x — 12) — (6 — 9x — 7x?) 


59. % COMPOUND INTEREST After two years, an investment of $1000 
compounded annually at an interest rate r will grow to the amount 
1000(1 + r) in dollars. Write this product as a trinomial. (Review 10.3) 


11.5 Multiplying and Dividing Rational Expressions 


What. you should learn 
Add and subtract 


rational expressions that 
have like denominators. 


GON Aad and subtract 


rational expressions that 
have unlike denominators. 


Why you should learn it 


V To model real-life 
problems, such as planning 
your route for a car trip 


in Example 5. Le, 


Adding and Subtracting 
Rational Expressions 


PGOAL 1) FRACTIONS WITH LIKE DENOMINATORS 


ERR eee EERE EERE EERE EEE EEE REESE EERE EERE EERE EERE EEE EERE EEE EE EEE EEE EE EEE EE EEE EEE EE EEE EEE EERE EEE EES 


To add or subtract rational expressions with like denominators, combine their 
numerators, and write the result over the common denominator. 


ADDING OR SUBTRACTING WITH LIKE DENOMINATORS 


Let a, b, and c be polynomials, with c # 0. 


TO ADD, add the numerators. 


TO SUBTRACT, subtract the numerators. 


a. 2 + +— ey ies aes Add numerators. 
x x x 
= [ Simplify. 
= 1 
b. ia 3 a 3 = pl Subtract numerators. 
T EXAMPLE 2 ) Simplifying After Subtracting 
: : Ax x= 2 
Simplif : 
. 139 —%—2 3x7 -—x-2 
SOLUTION 
5) = a == = =a 2) Subtract. 
SX =X —- 2 BK xX 2 Bx He — 2 
3x +2 ae 
= Simplify. 
3x7 -—x-2 il 
eo ee Factor. 
(3x + 2)(x — 1) : 
= ao oD Divide out common factor. 
1 ee 
een | Simplified form 
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Rann G@QVO) Fractions with UNLIKE DENOMINATORS 
Skills Review 


For help with adding To add or subtract rational expressions with unlike denominators, you must first 
irachens wily unlike rewrite the expressions so that they have /ike denominators. The like denominator 
denominators, see ; ois ; 

pp. 781-783. that you usually use is the least common multiple of the original denominators. It 


is called the least common denominator or LCD. 


T EXAMPLE 3 | Adding with Unlike Denominators 


Simplify 2 + = 


= SOLUTION 

Study Tip To find the least common denominator, first completely factor the denominators. 
You can always find a You get 6x = 2+3+x and 8x* = 23+ x”. The LCD contains the highest power of 
common denominator each factor that appears in either denominator, so the LCD is 23 © 3 +x? or 24x. 
by multiplying the two 

denominators, but it is To oo T:4x | 533 ; : : 

often easier to use the re 52 ede a Rewrite fractions using LCD. 


LCD. For instance, using 
24x? rather than 48x? in 
Example 3 makes the = 28x oe 1. 
expressions in the 24x 24x 
numerators simpler. 


Simplify numerators and denominators. 


— 28x + 15 


ve Add fractions. 
Xx 


EXAMPLE 4 ] Subtracting with Unlike Denominators 


x+2 12 
xl x+6 


Simplify 


SOLUTION 
Neither denominator can be factored. The least common denominator is the 
product (x — 1)(x + 6) because it must contain both of these factors. 


co ee) et | 
x—1 x+6 (x = I(x cs 6) (x = Da a 6) ewrite fractions using . 


x7 + 8x + 12 12x — 12 Simplify numerators. Leave 
(x — I + 6) (x — 1) + 6) denominators in factored form. 


_ x? + 8x +12 — (12x — 12) ee 
= (x -_ Da + 6) ubtract fractions. 


_ x27 4+ 8x+12—12x+ 12 


Use distributive property. 


(= 1) + 6) 
= 7 ir a7 Combine like terms. 
bs Xx 


11.6 Adding and Subtracting Rational Expressions 


ly 
1g 
Trav ning 


GED Writing and Using a Model 


You are planning a 300-mile car trip. You can make the trip using a combination 
of two roads: a toll road on which you can average 60 miles per hour and a scenic 
country road on which you can average 40 miles per hour. To avoid tolls and to 
enjoy the scenery, you want to spend as much time as possible on the country 
road. However, you do not want your total trip time to be too long. 


Country road 


Toll road 


60 mi 60 mi 60 mi 60 mi 60 mi 


Let x represent the number of miles you travel on the country road. 
a. Write an expression for the total time. 


b. Evaluate the expression at 60-mile intervals. 


SOLUTION 
a. VERBAL Distance on country road _ Distance on toll road 
mM Total time | = 
i Speed on country road Speed on toll road 
LABELS Total time = T (hours) 
Distance on country road = x (miles) 
Speed on country road = 40 (miles per hour) 
Distance on toll road = 300 —x (miles) 
Speed on toll road = 60 (miles per hour) 
ALGEBRAIC T x z 300 — x : ; 
MODEL ~ 40 60 Write algebraic model. 
2(300 — 
= a ( 120 a Rewrite fractions using LCD. 
2c on = Add fractions. 
= oe" Combine like terms. 


b. Substitute x-values of 0, 60, 120, 180, 240, and 300 into the expression. 


| distance coundx | 0 | 60 | 120 | 180 | 240 | 300 | 


| touttiner | 5.0 | 5.5 | 60 | 65 | 70 | 75 | 


The table can help you decide how many miles to drive on the country road. 
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GUIDED PRACTICE 


Vocabulary Check / 1. Explain what is meant by the least common denominator of two rational 
expressions. 


Concept Check 7 2. ERROR ANALYSIS Explain the error in the following problem. 


fa ce Aesop 
“Oe =) x( 


3. You can use x — 3 as the LCD when finding the sum =. + 3 Z : 
What number can you multiply the numerator and the denominator of the 
second fraction by to get an equivalent fraction with x — 3 as the new 


denominator? 


Skill Check 7 Simplify the expression. 


he) at 5x 20 x 3x +1 
fay oy aed 4+x ae eT x2-—9 
5 x+6 4 x-2 , x+3 
1 Gy aye Pel ters 795-10 4-5 


ee ADDING AND SUBTRACTING Simplify the expression. 
Extra Practice ese? 4 2x — 2 Tx — 6x 


7 —_—_ — 
to help you master a. 2x - 2x M1; x1 + x+ 1 a rf) 3 
skills is on p. 807. 
2 5x 3x, 5x =8 ,; 11 
23-1 Be “Wet” m+ a2 as 
9.7 tt. B: 9 2 
16. ay + sy 17. Ae + 13x 18. 5x 2 
4. 7 3 4x 9 3 
a Gd ees eee oe eG 
2x Tx x x+4 4x 2x 
a=] KA a= 10 eo 2. Seed 
[_ ae x+8 x+3 3x + 10 x 2x+1 «+4 
HOMEWORK HELP ae 3x —1 + x+1 7x —4 4x + 3 a 3x — 1 x= 2 
Example 1: Exs. 10-31 2 
Example 2: Exs. 10-31 28. = x ae . ; mn ua a ox i 
Example 3: Exs. 16-31 xi +5x—24 x°4+5x—- 24 xe - 4 x" —4 x“ —4 
Example 4: Exs. 18-31 3 2 
Example 5: Exs. 36-38 30. ~— 9 ,x +9 31 7 ee ae ee 
re a c= 3 "*x+1 -x-—2° x+4 


11.6 Adding and Subtracting Rational Expressions 


FOCUS ON i 1 1 
Api oKis CSOT CONNECTION In Exercises 32 and 33, find an expression for the 
perimeter of the rectangle. 


x2—3 2x-1 
x-2 x-3 
a LOGICAL REASONING In Exercises 34 and 35, use the expression = 


= and the table feature of a graphing calculator or spreadsheet software. 


34. Construct a table that shows the value of the numerator, the value of the 
denominator, and the value of the entire rational expression when the value of 
xis 10, 100, 1000, 10,000, 100,000, and 1,000,000. 


ay TRAVEL BY BOAT 


Many cities with 35. Use the table from Exercise 34. As x gets large, what happens to the values of 
harbors offer a variety of the numerator? of the denominator? of the entire rational expression? Why do 
types of water trans- you think these results occur? 
portation. These include 
regular commuter service, TRAVEL BY BOAT In Exercises 36-38, use the following information. 


sight-seeing tours, and 


; : A boat moves through still water at x kilometers (km) per hour. It travels 24 km 
recreational trips. 


upstream against a current of 2 km per hour and then returns with the current. 
The rate upstream is x — 2 because the boat moves against the current, and the 
rate downstream is x + 2 because the boat moves with the current. 


36. Write an expression for the total time for the round trip. 
37. Write your answer to Exercise 36 as a single rational expression. 


38. Use your answer to Exercise 37 to find how long the round trip will take if 
the boat travels 10 kilometers per hour through still water. 


% IMMIOWING LAWNSs In Exercises 39-41, use the following information. 
You are choosing a business partner for a student lawn-care business you are 
starting. It takes you an average of 35 minutes to mow a lawn, so your rate is 


1 lawn in 35 minutes or 35 of a lawn per minute. Let x represent the average 


time (in minutes) it takes a possible partner to mow a lawn. 


39. Write an expression for the partner’s rate (that is, the part of a lawn the 
partner can mow in | minute). Then write an expression for the combined 
rate of you and your partner (the part of a lawn that you both can mow in 
1 minute if you work together). 


40. Write your answer to Exercise 39 as a single rational expression. 


41. The table shows the mowing times of possible partners. 


Possible mowing partner fa | Bic | 


_ ae a. Use your expression from Exercise 40 to find the combined rate of you 
Pgs HOMEWORK HELP with each possible partner. 
Visit our Web site . . . 1 
www.mcdougallittell.com b. Which partner(s) can you choose if you want a combined rate of 30 of a 
for help with Exs. 39-41. lawn per minute or faster? 
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COMBINING OPERATIONS Simplify the expression. 


2x 3x+2 4 BH Vi oa S 
faa xt+5 x+5 2. (35)(3+5) 

3x—-353 , 1). x xX-2. x+8 -x—-8 
44. ( x ea) ; a, ah” ag Od x=2 


EXTENSION: TRINOMIAL DENOMINATORS When you add rational 
expressions, you may need to factor a trinomial to find the LCD. Study 
the sample below. Then simplify the expressions in Exercises 46-49. 


2x 3 _ 2x 3 
=i gee—9 G@ENG=1) -@=VeEr2 


Sample: 


The LCD is (x + 1)(@ — 1)(x + 2). 


Note: If you just used (x7 — 1)(x? + x — 2) as the common 
denominator, the factor (x — 1) would be included twice. 


2 x 2 3 
46. 47. 
x-~3 24 3x — 18 x2-4 x27 4+x-6 
48. Ix +2 7 49. ae 
16-x2 x4 2x7 -—7x-15 2x7 +5x+3 


—*— and Sk ; 
x+9 x? + Ox 
Bx7+9 GB xx4+ 9) & x(x — 9) D> (x + 9)(x? + 9x) 


_ oe a 
x-1 2x+1° 


50. MULTIPLE CHOICE Find the LCD of 


51. MULTIPLE CHOICE Simplify the expression 


-1 
@® Gr perp ® 4 
2x2 +1 2x21 
© G party DO Gi pap 


52. MIULTIPLE CHOICE You are making a 350-mile car trip. You decide to drive 
a little faster to save time. Choose an expression for the time saved if the 
car’s average speed s is increased by 5 miles per hour. 


350 +5 350 350 
Bees Oa 350 Os —F+5 DW 350s + 5) — 350s 


AVERAGE SPEED In Exercises 53-55, you will write and simplify a general 
expression for the average speed traveled when making a round trip. Let d 
represent the one-way distance. Let x represent the speed while traveling 
there and let y represent the speed while traveling back. 


53. Write an expression for the total time for the round trip. Use addition to write 
your answer as a single rational expression. 


54. To find the average speed on the trip, you need to divide the total distance by 
the total time. Use your answer from Exercise 53 to write an expression for 
the average speed. Then simplify that expression as far as possible. 


55. What do you notice about the variables in the final answer? If your distance 
is doubled what happens to the average speed? 


11.6 Adding and Subtracting Rational Expressions 


Mixep REVIEW 


SIMPLIFYING EXPRESSIONS Simplify the expression. (Review 8.3 for 11.7) 


2 4 42 4,3 
56. +> 57. 58, 10 59, > 
me an 32x 6x°y 


STANDARD FORM Write the equation in standard form. (Lesson 9.5 for 11.7) 
60. 6x7 = 5x —7 61. 9 — 6x = 2x7 62. —4+3y=y 


CHOOSING MODELS FROM DATA Make a scatter plot of the data. Then tell 
whether a linear, exponential, or quadratic model fits the data. (Review 9.8) 
63. (—1, 16), (0, 4), (1, —2), (2, —2), (3, 4), (5, 34) 


64. (5,6). (—4, 3) (-2, =3), (-1, —6),. 10, -9).{, -12) 


65. % GAME SHOW A contestant on a television game show must guess the 
price of a trip within $1000 of the actual price in order to win. The actual 
price of the trip is $8500. Write an absolute-value inequality that shows the 
range of possible guesses that will win the trip. (Review 6.4) 


Quiz 2 Self-Test for Lessons 11.4-11.6 


Simplify the expression if possible. (Lesson 11.4) 


15x? 5x 3 3-—x x*—Tx+12 


1. 2. ¢ ; 
10x 11x + x? x7 — 5x +6 x27 +3x+18 


Simplify the expression. (Lessons 11.5 and 11.6) 


5x° ae —_— 
oe Gs 6. ip tay (20 + 8x) 
3x +12 . x+4 5x? — 30x +45 . 
7. ax ec 8. 742 + (5x — 15) 
9 x 5 4x—1 x—6 
ae _ ery ae _ ay) 2 
x 2% = 35 x 2% = 35 3x° + 8x + 5 3x- + 8x + 5 


% CANOEING In Exercises 11-13, use the following information. 

You are on a canoe trip. You can paddle your canoe at a rate of x miles per hour 
in still water. The stream is flowing at a rate of 2 miles per hour, so your rate of 
travel downstream (with the current) is x + 2 miles per hour. You travel 15 miles 
downstream and 15 miles back upstream. (Lesson 11.6) 


11. Write an expression for the travel time downstream and an expression for the 
travel time upstream. 


12. Write and simplify an expression for the total travel time. 


13. Find the total travel time if your rate of paddling in still water is about 
4 miles per hour. 
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© ACTIVITY 11.7 


Developing Concepts 


GROUP ACTIVITY 
Work with a partner. 


MATERIALS 
algebra tiles 


[. Look Back 


For help with algebra 
tiles, see pp. 575 and 
603. 


« Group Activity for use with Lesson 11.7 
Modeling 
Polynomial Division 


> QUESTION How can you use algebra tiles to model division of 
polynomials? 


> EXPLORING THE CONCEPT 


You can use algebra tiles to divide x? + 4x + 4 by x + 3 as follows. 


@ Use algebra tiles to model 2) Use the tiles to create a length 
x Ay + 4, Bie aes. 
LE : a * F Ge pene 

(3) Keeping x + 3 as the length, 4) The width of the rectangle is the 
try to create a rectangle that quotient and the leftover tiles are 
uses all the tiles from Step 1. the remainder. Give the quotient 
Explain why some tiles cannot and the remainder when you 
be used. divide x? + 4x + 4 by x +3. 


“s 
a 


ese | 
|x + 3 —__ 


|__x+3 


> DRAWING CONCLUSIONS 


Use algebra tiles to decide whether the polynomial can be divided evenly. 
Make a sketch of your explanation. Compare your result with that of your 
partner. Then decide together on the quotient and the remainder if any. 


1. (x7 + 4x + 8) + (x 4+ 2) 2. (x7 + 7x + 8) +(x + 1) 
3. (x7 + 6x + 12) + (x + 4) 4. (x? + 9x + 25) + (x +5) 
5. Use the model at the right to find 
the missing values in the division. [+] + + + + He 
Dividend goiuisor Quotient Gmc t ++ ++ 


ar . mrt FH 
[2] + @ + 4) = [2], Remainder [?] Gm t+ ttt 


6. With polynomial division, as with whole number division, you can check 
your work by multiplying the divisor by the quotient and then adding the 
remainder. Use the model in Exercise 5 to explain why this method works. 
Then use polynomial multiplication to check the division in Exercise 5. 


11.7 Concept Activity 


| 


What. you should learn 
Divide a polyno- 


mial by a monomial or by a 
binomial factor. 


SN) Use polynomial 


long division. 


Why you should learn it 


WV To provide alternative 
forms of rational expres- 
sions to model real-life 
situations, as in the sports 
equipment problem 


in Exs. 50-54. 
Sets 
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Dividing Polynomials 
PGOAL 1) DIVIDING A POLYNOMIAL 


ARR Ree EERE EERE EERE EEE ERE R EERE EERE E EEE EE EEE EEE EERE EEE EEE EEE EE EEE EE EEE EE EEE REESE EEE EE EEE EES 


To divide a polynomial by a monomial, divide each term by the monomial, 
keeping the same signs between terms. Simplify each fraction. 


m © ACTIVITY 


Developing 
Concepts 


@ With a partner, discuss how to get from the original division problem to 
the simplified expression. 


oy aoe en Oe NG il 
C3) (C0) = ee 3 ay 


® Explain how you could use multiplication to check that 


(2x? — 3) + (6x) = a = a Carry out the check. 


EXAMPLE 1 } Dividing a Polynomial by a Monomial 


Divide 12x” — 20x + 8 by 4x. 


SOLUTION 
12x — 20x +8 _ 12x* 20x , 8 a 
ay Ay Ay ' Ag Divide each term of 
numerator by 4x. 

3x(4. 

= x %) a4) + a Find common factors. 

4x 4x 4x 

3 5 2 

= ahde} tal + vat Divide out common factors. 


Simplified form 


To divide a polynomial by a binomial, first look to see whether the numerator 
and the denominator have a common factor. If they do, you can divide out the 
common factor. 


x? - 2-3 _ @&+1)G—3) 
x—3 x3 
=xt+1 
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GVO usinc Lone Division 


You can use polynomial long division to divide polynomials that do not have 
common factors. First review the process for long division in arithmetic. 


P EXAMPLE 2] The Long Division Algorithm 


Use long division to divide 658 by 28. 


SOLUTION 


ny. 65 
Study Tip eis ites 
23 


To check division, you 


can multiply the answer ¥658 
by the divisor OR you 28)658 
can multiply the quotient 56 2. Subtract 2 x 28 from 65. 
by the divisor and add ae s 4 98 
ihecramainder. You-should 98 3. Bring down the 8. Think: 55 ~ 3 
get the dividend in either _ 84 4. Subtract 3 x 28 from 98. 
ie Hi Example 2, 14 5. Remainder is 14. 
28(235) = 658 and 
(28)(23) + 14 = 658. Dividend Quotient Remainder 
.. 658 _ 14 dt Aad! 
Divisor a ag 23 + 28 = 23 + ian 235 


T EXAMPLE 3 } Polynomial Long Division 


Divide x7 + 2x + 4byx— 1. 


SOLUTION 


2 
Think: 2 = x 


x+3 
x — Ix? +2x4+4 


2 
To subtract (— x) _——— Nee ok 2. Subtract x(x — 1). 
| from 2x, you add x. 3x-+4 3, Bring down + 4. Think: % = 3 


3x — 3 4. Subtract 3(x — 1). 


7 5. Remainder is 7. 


Quotient 


Dividend ——> x? + 2x +4 = 7 <— Remainder 
A SS E+ 3 + 
Divisor ——~> x—-1 x =-1 


> The answer is x + 3 + —.. 


11.7 Dividing Polynomials 


When dividing polynomials, remember that the polynomials need to be written in 
standard form. That is, the terms should be written in descending order according 
to their degrees. 


If a term is missing in the standard form of the dividend, insert a term with a 
coefficient of 0 to hold the place. 


EXAMPLE 4 ) Adding a Place-holding Zero 


Divide 6x” — 11 by x + 2. 


SOLUTION 
First insert a place-holding term Ox in the dividend: 6x” — 11 = 6x” + Ox — 11. 


2 
1. Think: 2= = 6x 
| x 


6x — 12 
x4 2)6x? + Ox 11 
6x2 + 12x 2. Subtract (6x)(x + 2). 
—12x—11 3. Bring down —11. Think: = = -12 


—12x —24 = 4. Subtract —12(x + 2). 
13 5. Remainder is 13. 


a 13 
> The answer is 6x — 12 + ear 


PEXAMPLE 5 ] Rewriting in Standard Form 


Divide m* — 16m — 21 by 4 + 2m. 


SOLUTION 
First write the divisor 4 + 2m in standard form as 2m + 4. 


m+ 2m 2. Subtract 4m(2m + 4). 


—18m—21 3. Bring down —21. Think: 2” = —9 


2m 
—18m — 36 4. Subtract —9(2m + 4). 
ney HOMEWORK HELP 
= 15 


5. Remainder is 15. 


Visit our Web site 
www.mcdougallittell.com el | 15 
for extra examples. » The answer 1s 2 ae 2m + 4° 
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GUIDED PRACTICE 


Vocabulary Check J 1. How is polynomial long division like long division with whole numbers? 
How is it different? 


Concept Check J 2. For which of the divisions in Exercises 9-14 do you not need to use long 
division? Explain why not. 


3. For the student’s long division work 


shown at the right, complete the answer. ie 
x — x2 = 
wr 5 = Quotient + Remainder ss gia © 
x-1 Divisor Vee 
9 ae 
= Lt x—1 
_ —4 


4. Explain how to check the answer to the 
division in Exercise 3. 


Skill Check J Set up the long division problem, but do not perform the division. 


5. Divide y* + 8 by y + 2. 6. Divide —x” — 4x + 21 by —x + 3. 

7. Divide 8y? — 2y by 3y +5. 8. Divide 72 — 18x + x* by x — 6. 
Divide. 

9. Divide 856 by 29. 10. Divide 18x” + 45x — 36 by 9x. 
11. Divide x7 — 8x + 15 by x — 3. 12. Divide y* + 6y + 2 by y + 3. 


13. Divide 10b° — 8b? — 5bby —2b. _ 14. Divide 2x — x + 4 by 3x — 6. 


PRACTICE ano APPLICATIONS 


COOPER EEE EEE EEE EEE EEE EEE EEE EE EEE EEE EEE EEE EEE EEE EE EEEEEE EEE EEE EEE EEEEEE EEE EEE EEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEE EEE OES 


_ DIVIDING BY A MONOMIAL Divide. 
Extra Practice 15. Divide 8x + 13 by 2. 16. Divide l6y — 9 by 4. 


to help you master 


skills is on p. 807. 17. Divide 9c” + 3c by c. 18. Divide 9m? + 4m? — 8m by m. 
19. Divide —2x” — 12x by —2x. 20. Divide 7p? + 18p7 by p’. 
21. Divide 9a* — 54a — 36 by 3a. 22. Divide l6y* — 36y” — 64 by —4y?. 


CHECKING QUOTIENTS AND REMAINDERS Match the polynomial division 
problem with the correct answer. 


2 | | $ | 13 
HOMEWORK HELP 23. (5x + 2x 4 3) . (x T 2) A. 6 + xy — 3 


Example 1: Exs. 15-22 ey _ . 
Example 2: Exs. 23-26 24. (12x — 5) + (2x — 3) B. 5x + 4 


Example 3: Exs. 23-46 2 : 4 
Example 4: Exs. 27-46 25. (10x" — 7x — 12) + (2x — 3) a aa 
Example 5: Exs. 27—46 26. (2x2 + 5x +2) +(x +2) D. 3x— 8 > es 


11.7 Dividing Polynomials 


DIVIDING POLYNOMIALS Divide. 
27. Divide a* — 3a + 2bya— 1. 28. Divide y? + 5y + 7by y + 2. 


29. Divide 2b* — 3b — 4 by b — 2. 30. Divide 3p” + 10p + 3 by p + 3. 
31. Divide 5g” + 14g — 2by g + 3. 32. Divide c* — 25 byc — 5. 
33. Divide x* — 3x — 59 by x — 9. 34. Divide d* + 15d + 45 byd + 5. 


35. Divide —x* — 6x-—16byx+2. 36. Divide —x* + 9x — 12 by —x — 2. 


37. Divide b? — 7b + 4 by b + 3. 38. Divide 5 — 7m + 3m? by m — 3. 
39. Divide x7 + 9 by —x — 4. 40. Divide 4x7 + 12x — 10 by x — 2. 
41. Divide —5m? + 2 by m— 1. 42. Divide 4 + 1lg + 697 by 2g + 1. 
43. Divide 4 — s* by s + 5. 44. Divide 16a” — 25 by 3 + 4a. 

45. Divide c* — 7c + 21 by 2c — 6. 46. Divide b? — 7b — 12 by 4b + 4. 


CONNECTION The area and one dimension of the rectangle are 
shown. Find the missing dimension. 


49. 


Area is Area is 


7x2 + 17x + 6. 12x2 + 5x — 2. 


x+2 4x-1 


» EXERCISE AND OTHER SPORTS EQUIPMENT In Exercises 50-54, use the 
models below that approximate spending in the United States from 1988 
to 1997. Let t represent the number of years since 1988. 


FOCUS ON 
APPLICATIONS 


Dollars spent on exercise equipment (in millions): E = 200¢ + 1400 


Total dollars spent on sports equipment (in millions): S = 900t + 9900 


50. Write a rational model for the ratio of the money spent on exercise equipment 
to the total money spent on sports equipment. Simplify the model by dividing 
out the greatest common factor. 


51. Use long division to write the model from Exercise 50 in another form. 


52. Copy and complete the table. Use the rewritten model from Exercise 51. 
Round to the nearest thousandth. 


ee ee eee eee 


2 exeRcise Rati of Eto § 
EQUIPMENT 


In 1997 Americans spent 
about 3 billion dollars on 53. Use the table. Was the ratio increasing or decreasing from 1988 to 1997? 


exercise equipment. : ; 
ed DATA ake <eNatonal 54. CRITICAL THINKING Look back at the model you found in Exercise 51. 


porting Goods Association data How can you tell from the model if the ratio is increasing or if it is 
at mcdougallittell.com decreasing? 
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Test €3) 


Preparation 


* Challenge 


www.mcdougallittell.com 


MIxeD REVIEW 


55. IMIULTI-STEP PROBLEM Suppose you are 14 years old and your brother is 
4 years old. 


a. In ¢ years, your age will be 14 + t. What will your brother’s age be? 


b. Write the ratio of your age in f years to your brother’s age in ¢ years. Then 
use long division to rewrite this ratio. 


c. Use the rewritten ratio to find the ratio of your ages now, in 5 years, in 
10 years, in 25 years, in 50 years, and in 80 years. 


d. Use your answers to part (c). Is the ratio of your ages getting smaller or 
larger as time goes by? What value do the ratios approach? 


e. Whiting Look at the original form of the ratio and the rewritten form of 
the ratio. Which form of the ratio makes it easier for you to recognize the 
trend that you described in part (d)? Explain your choice. 


AREA WIODELS In Exercises 56-60, use the diagrams. Diagram 1 
56. Diagram 1 models 5 + 4. Write the quotient and ae Ee | 
the remainder. 5 
57. What division problem does Diagram 2 model? 
Write the quotient and the remainder. 
58. Draw diagrams to model 47 + 3 and 7 ~ 6. 3 
59. LOGICAL REASONING Describe any pattern you Diagram 2 
observe in Exercises 56—58. Use the pattern to Sahl 
predict the quotient and remainder when x’ is | 
divided by x — 1. é 
60. Use long division to find x” + (x — 1). Did you 
get the result you predicted in Exercise 59? 
s—— 


SOLVING EQUATIONS Solve the equation. (Review 3.2 for 11.8) 
6 y 5 


XL fe e.6 ae 
61.5 =3 62.2, =7 63.7 = 3 64.5 =F 


SOLVING PROPORTIONS In Exercises 65—70, solve the proportion. Check 
for extraneous solutions. (Review 11.1 for 11.8) 


Lia? 2x71 (taal ee 
65.5= + 66. = 4 67. > 

8b2 + 4b _ 2b—5 Sp?—9 _ 2p? + 3p @-4_at2 
arr: 3 5 5 Wea 


71. GRAPHING INVERSE VARIATION Use the model y = a Make a table of 
values for x = 1, 2, 3, 4, and 5. Sketch the graph. (Review 11.3 for 11.8) 


72. CONNECTION The largest mammal, a blue whale, has a weight of 


1.3 X 10° kilograms. The smallest mammal, a pygmy shrew, has a weight of 
2.0 X 107? kilogram. What is the ratio of the weight of a blue whale to the 
weight of a pygmy shrew? (Review 8.4) 


11.7 Dividing Polynomials 6389 


What you should learn 
Solve rational 


equations. 


SN Graph rational 


functions. 


Why you should learn it 


Y To model real-life problems 
as in the fundraising problem 


in Exs. 53-54. 
Ss 
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Rational Equations 
and Functions 


GQ) sowine Rationat Equations 


eRe eee RRR RRR e EERE EERE EERE EEE EEE EERE SESE EEE EE EEEEEEEE REESE EES EE EEE E EEE EEE EEE EEEEE EEE EEEEEES 


A rational equation is an equation that contains rational expressions. 
Examples | and 2 show the two basic strategies for solving a rational equation. 


GHEE) Cross Multiplying 


Solve — s 


yt2 
SOLUTION 
Pe ee 
eo 3 rite original equation. 
5(3) = wy + 2) Cross multiply. 
15 = y* + 2y Simplify. 


O=y?+2y- 15 Write in standard form. 
0 = (y + 5)(y — 3) 


> If you set each factor equal to 0, you see that the solutions are —5 and 3. 
Check both solutions in the original equation. 


Factor right side. 


Cross multiplying can be used only for equations in which each side is a single 
fraction. The second method, multiplying by the LCD, works for any rational 
equation. Multiplying by the LCD always leads to an equation with no fractions. 


GEVTSD  Muttiptying by the ep 


Solve z + —_ = 
x 3 x 
SOLUTION 
a ee The LCD is 3x. 
x 3 x 
3x° 2 + 3x° ne 3x° as Multiply each side by 3x. 
x 3 x : 
6+x=12 Simplify. 
x=6 Subtract 6 from each side. 
24, 1-5 3 , 
v CHECK : + 3=%5 Substitute 6 for x. 
4_4 7 
6 6 Simplify. 


T EXAMPLE 3 } Factoring to Find the LCD 


Solve = +1=5 =. 
Study T as a 
tudy Tip 

When you solve rational SOLUTION The denominator y* + y — 12 factors as (y + 4)(y — 3), so the LCD 
equations, be sure to is (y + 4)(y — 3). Multiply each side of the equation by (y + 4)(y — 3). 
check for extraneous 
solutions. Remember, 4, = : = —10 . _ 
values of the variable = 3 ye aig 2) > Ge ay —3) PLy= 12 (y + 4)(y — 3) 
that make any denom- 
inator equal to 0 are —4(y + HQ=3) G2aG@=a= 10+) Q—3) 
excluded. yes y 2 (y-+4)(y-—3) 


A(y + 4) + (y? + y — 12) = -10 

—4y -16+y*+y—-12=—-10 
y? — 3y — 28 = —10 
y? —3y- 18=0 
(7 Oy rs) 0 


> The solutions are 6 and —3. Check both solutions in the original equation. 


EXAMPLE 4 } Writing and Using a Rational Equation 


BATTING AVERAGE You have 35 hits in 140 times at bat. Your batting average is 
A = 0.250. How many consecutive hits must you get to increase your batting 


average to 0.300? 


FOCUS ON 
CAREERS 


SOLUTION If your hits are consecutive, then you must get a hit each time you 
are at bat, so “future hits” is equal to “future times at bat.” 


VERBAL Batti = Past hits + Future hits 
MODEL aming average ~ Past times at bat + Future times at bat 
+ 
LABELS Batting average = 0.300 (no units) 
Past hits = 35 (no units) 
Future hits = x (no units) 
Past times at bat = 140 (no units) 
Future times at bat = x (no units) 
_ 35+%x . : 
Jee SPORTS oe 0.300 = 140 +x Write algebraic model. 
>» REPORTER : 
Sports reporters gather 0.300(140 + x) = 35+ x Multiply by LCD. 
statistics and prepare 42 + 0.3x = 35+ x Use distributive property. 
stories that cover all aspects 
of sports from local sporting 7 = 0.7x Subtract 0.3x and 35 from each side. 
events to international 10=x Divide each side by 0.7. 
sporting events. 
ANE, 
4) CAREER LINK 
www.mcdougallittell.com > You need to get a hit in each of your next 10 times at bat. 
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PGOAL 2) GRAPHING RATIONAL FUNCTIONS 


The inverse variation models you graphed in Lesson 11.3 are a type of rational 


function. A rational function is a function of the form 
f(x) = 


In this lesson you will learn to graph rational functions whose numerators and 
denominators are first-degree polynomials. Using long division, such a function 
can be written in the form 


polynomial 
polynomial’ 


__a 
y x—h 


RATIONAL FUNCTIONS WHOSE GRAPHS ARE HYPERBOLAS 


The graph of the rational function y = ra 


Branches 


yperbola whose center is (h, k). of the 
hyperbola 
The vertical and horizontal lines through the center 


are the asymptotes of the hyperbola. An as 

is a line that the graph approaches. While the dence 
between the graph and the line approaches zero, the 
asymptote is not part of the graph. 


| 
|< Asymptotes 
| 


EXAMPLE 5 } Graphing a Rational Function 


Sketch the graph of y = * +2. 


SOLUTION Think of the function as y = sy + 2. You can see that the center 


is (0, 2). The asymptotes can be drawn as dashed lines through the center. Make a 
table of values. Then plot the points and connect them with two smooth branches. 


If you have drawn your graph correctly, 

it should be symmetric about the center 
(h, k). For example, the points (0.5, 4) and 
(—0.5, 0) are the same distance from the 
center (0, 2), but in opposite directions. 
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T EXAMPLE 6 | Graphing a Rational Function When h is Negative 


Sketch the graph of y = 5 + 1. Describe the domain. 


SOLUTION 


For this equation, x — h = x + 2,so h = —2. The graph is a hyperbola with 
center at (—2, 1). Plot this point and draw a horizontal and a vertical asymptote 
through it. Then make a table of values, plot the points, and connect them with 
two smooth branches. 


undefined 


= 


The domain is all real numbers 
except x = —2. 


Rewriting before Graphing 


2x + 1 
5 ae eee 


Sketch the graph of y = 


SOLUTION Begin by using long division to rewrite the rational function. 


2 Quotient Remainder 
x+2)2x+1 4 4 
2 2s ag gan oe 


—3 


The graph is a hyperbola with 
center at (—2, 2). Plot this 
point and draw a horizontal 
and a vertical asymptote 
through it. Make a table of 
values, plot the points, and 
connect them with two 
smooth branches. 


When making a table of values, include values of x that are less than h and values 
of x that are greater than h. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Describe the shape of a hyperbola. What is an asymptote of a hyperbola? 


Concept Check / In Exercises 2-4, find the least common denominator. 


L ® 2: Ee 4 1 1 
x’ 3° 3x Ae” G2? gy + 6x + 9° x +3 


2. 


5. Which of the equations in Exercises 6—11 can you solve using cross multiplying? 
Explain your answer. 


Skill Check / Solve the equation. Remember to check for extraneous solutions. 


Boo =a 2 x,15_5 
oF 1D 1a gO a6 3G 
Vere =;4. 10. —— =2 1,37 +2=— 
x2 — 2x x xx+1) x x+ X  y24 gy 


Find the center of the hyperbola. Draw the asymptotes and sketch the graph. 


4 
x+5 


12. y= = 3 13, y=—*> +3 


PRACTICE ano APPLICATIONS 


—— CROSS MULTIPLYING Solve the equation by cross multiplying. 
Extra Practice 7 x _ 14 4 12 


xX Nie a =—- => 
to help you master et eae 18. 79 = 5 Le 5(x + 2) 
skills is on p. 807. i 5 5 ae 6 _x rm 1 _ 5 
“x+4 34+ 1) "x+2 4 "x+1 x-3 


MULTIPLYING BY THE LCD Solve the equation by multiplying each side by 
the least common denominator. 


56 _ 9-x eo Sy 
20.2? = 5+ Ae a 
7 1.3 a 
“a= 2-4 3 3.7-4 7 x+4 2-46 
1 J 8 x+5 
24. +]=-— 25. 2 + = 
eo x + x = 20 x~ 3 x? — 25 
CHOOSING A METHOD Solve the equation. 
1,4_1 oe 2: 2 Mo 
—— Bey ares at pel eeo 5 Sx x 
HOMEWORK HELP 
x 8 _ 41 x + 42 2 x _3 
Example 1: Exs. 14-19, 29.9 9 30. ~~ = x 31.0 - 84 
26-38 
Example 2: Exs. 20-38 OF 2 41. 4 10 3 10x+1 
Eagle 3: Exs. 20-38 = eT XPD 33. ed. | By 34. 743.5 3x + 9 
Example 4: Exs. 51,52 eB 56 — 3x 8 5x 
Example 5: Exs. 39-50 35. —— 5° 2 36. +4 7 = 2 
Example 6: Exs. 39-50 7 x°— 13x + 40 . x" ~ 2x a 
Example 7: Exs. 39-50 37. — i< 22 38. 2x ee x - 1 
«— 11 x? = 5x — 66 xt+3 x+7 x24 10x +21 
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N, 
, $23, HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for help with Exs. 52-58. 


FOCUS ON 
APPLICATIONS 


ws 


ay ORIGAMI CRANES 


The art of paper 
folding has been practiced 
in Japan since the seventh 
century A.D. There is an 
ancient Japanese belief that 
folding 1000 cranes will 
make your wish come true. 


MIATCHING GRAPHS Match the function with its graph. 


39. 


1 40. y= +7 ai.y=4 


= _— 1 —_— 
y Prot | 


GRAPHING In Exercises 42-50, graph the function. Describe the domain. 


42. 


45. 


48. 


51. 


52. 


= 6s 43. y = 3 8 44. y zat 
Se i — 3x41 
y er ao 2 45 qi ey x+3 

— =2e 11 — 9x — 6 — 5x +19 
=a 49. y =i 50. y a 
% BATTING AVERAGE After 50 times at bat, a major league baseball 


player has a batting average of 0.160. How many consecutive hits must the 
player get to raise his batting average to 0.250? 


% TEST AVERAGES You have taken 3 tests and have an average of 
72 points. If you score 100 points on each of the rest of your tests, how 
many more tests do you need to take to raise your average to 88 points? 


% FUNDRAISING In Exercises 53 and 54, a library has received a single 
large contribution of $5000. A walkathon is also being held in which each 
sponsor will contribute $10. Let x represent the number of sponsors. 


53. 


54. 


® ORIGAMI CRANES In Exercises 55-58, you investigate 
how long it would take you and a friend to fold 1000 origami 
cranes. You take 2 minutes to fold 1 crane. Let x represent 
the number of minutes it might take a friend to fold 1 crane. 


55. 


56. 


57. 


58. 


Write a function that represents the average contribution per person, 
including the single large contributor. Sketch the graph of the function. 


Explain how such averages could be used to misrepresent actual 
contributions. 


Working alone, you would take 2000 minutes to fold 1000 cranes, so your 


work rate is aT of the job per minute. Find your work rate per hour. 


The expression we is your friend’s work rate per hour. Explain why. 
Write an expression for the combined work rate per hour of you and your 


friend (the part of the job completed in 1 hour if you both work together). 


Suppose that together you could complete 1000 cranes in 20 hours. Your 
1 
20 


to fold 1 crane, set the expression in Exercise 57 equal to 5 and solve for x. 


combined work rate per hour would be =,. To find the time your friend takes 
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INVERSE VARIATION AND RATIONAL FUNCTIONS In Exercises 59 and 60, 
you will compare the types of graphs in 11.3 with those in this lesson. 


59. Graph f(x) = © and f@) = 25 + 1 in the same coordinate plane. 


60. Writing How are the two graphs in Exercise 59 related? Do you think 


this relationship will hold for any set of functions f(x) = e 2 ra k and 
f(x) = ae Explain. 
61. CHANGING CONSTANTS Use a graphing calculator to graph 


f(x) = : for at least ten values of a. Include positive, negative, and 


non-integer values. How does changing the value of a seem to affect the 
appearance of the graph? 


SEDr® 
Test 6S) 62. MIULTIPLE CHOICE What is the solution of the equation oy = rae 
Preparation 
ee @5 BS & 20 B® 40 ® 80 


63. IULTIPLE CHOICE Choose the graph of the function y = <5 + 1. 


@) None of the above 


* Challenge = RaTIONAL FUNCTIONS In Exercises 64-67, you will look for a pattern. 


64. Copy and complete the table. Round your answers to the nearest hundredth. 


10 
x+2 


x7 +6 
x+2’ 


65. What happens to the values of (x — 2), and as x increases? 


2 
x" + 65 


66. Which is the graph of y = x — 2? of y = 
x+2 


67. CRITICAL THINKING Explain the 
relationship between the two graphs 


in Exercise 66. Use the table in 
www.mcdougallittell.com Exercise 64 to help you. Exs. 66 and 67 
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Mixep REVIEW 


FUNCTION VALUES Evaluate the function for x = 0, 1, 2, 3, and 4. 
(Review 4.8 for 12.1) 


68. f(x) = 4x 69. f(x) = —-x+9 70. f(x) =3x4+1 

2 2 ca 
71. f(x) = —x 72. f(x) =x*-1 73. f(x) = ca 
EVALUATING EXPRESSIONS Evaluate the expression. (Review 8.1, 8.2) 
74, 24.23 75.6°*6 | 76. (3°)? 77. (-4-7)"! 
RADICAL EXPRESSIONS Simplify the radical expression. (Review 9.2 for 12.1) 
78. V50 79. V72 go. $V112 81. 552 
82. V64 83. V256 84. £625 85. 396 


86. % ACCOUNT BALANCE A principal of $500 is deposited in an account 
that pays 4% interest compounded yearly. Find the balance after 6 years. 
(Review 8.5) 


Self-Test for Lessons 11.7 and 11.8 


SECO P ETHER EEE EEE EEE EEEE OEE E EEE EE EEE SESE EE EEE EEEEEEEEEEEEEEEEEEEEEEESEEEEEEESEEEEEEEEEEEEES 


Divide. (Lesson 11.7) 


1. (x? — 8) + (6x) 2. (6a3 + 5a’) > (10a?) 
3. (x7 + 16) + (x + 4) 4. (2y? + 8y — 5) + Qy — 5) 
5. (8 + 4¢ + 2’) + Bz - 6) 6. (12x2 + 17x — 5) + (3x + 2) 
Solve the equation. (Lesson 11.8) 
ft 2 Jes! 

i ur ae ae 2(x + 2) 

1 1 _ x4+3 7_ 16 _3 
"265 (kee Gh ogs Wg 2 


In Exercises 11-13, sketch a graph of the function. (Lesson 11.8) 
_3 i ae ae 
11. f(x) = . 12. f(x) a 13. f(x) a 2 


14. §% TELEVISION STATIONS The models are based on data collected by the 
Television Bureau of Advertising from 1988 to 1998 in the United States. 
Let ¢ represent the number of years since 1988. 


Number of UHF television stations: U = 14t + 505 
Total number of commercial television stations: 7 = 16¢ + 1048 


Use long division to find a model for the ratio of the number of UHF 
television stations to the total number of commercial television stations. 
(Lesson 11.7) 
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ACTIVITY 11.8 Graphing Calculator Activity for use with Lesson 11.8 


isiewteenwuse Graphing Rational Functions 


> QUESTION How can you use a graphing calculator or computer to 
recognize input values that are not in the domain of a rational function? 


> EXPLORING THE CONCEPT 


1) Simplify the right-hand side of the equation by factoring the numerator and 
denominator, and dividing out common factors. 


_ 4x7 + 9x +2 
x4 
@ Graph the simplified form of the function. 
Srna Your calculator may show a vertical line Nas] 
A ee 

” So aie at x = 2. This is not part of the graph. 
See keystrokes for Some calculators draw this line in an 
several models of attempt to connect the two branches of 
calculators at the graph. 
www.mcdougallittell.com a Ae? 

: (3) Graph the original function in the same ee 


viewing rectangle as the simplified form. 
If you have simplified correctly, the 
graphs will look identical. 


4.) To check for undefined values, press 
EEN) and choose Decimal. Then use 
the trace feature to find x-values for 
which no y-values appear in the viewing 
rectangle. These are the undefined values 
of the expression. 


5) Do the original function and the 
simplified function have the same 
domain? Explain. 


> DRAWING CONCLUSIONS 


In Exercises 1-6, simplify the right-hand side of the rational function. Then 
use a graphing calculator or computer to check your answer. Give the 
domain of the original function and of the simplified function. 


_ 3x2 — 13x — 10 _ x*- 6x +8 — 2x* + 9x+4 
ly 5) ch as Wath ea ois ia aa OA 
3? = DS 5a = Dye = TE ap ge = 2 

2 2 2 
= 7 = DY De = Be = Y De <= Sip 3 
A ee ee Re See 64:= = 
E x? — 16 us x? — 2x —3 a =e 

7. CRITICAL THINKING Are the functions y = aie d 


Ge ak BYGe = ae 


y= ats equivalent? Explain your reasoning. 
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WHAT did you learn? 


Solve proportions. (11.1) 


ARERR RRR REE EEE EEE EERE HEHEHE EEE EEE EE EEE E EEE EE EEE HEHE EEEEEEEE HEHEHE ED 


Graph rational functions. (11.8) 


Chapter Summary 


WHY did you learn it? 


Estimate the number of clay figures in an 
archaeological dig. (p. 645) 


AER R REE REE EEE EEE EEE EERE EEE EEE EE HEHEHE EEE HEHEHE EEE EEE EE EEEEE EEE EEE EEE EEEEEEEEEES 


Poe eee eee ee eee ece rere esos ees e reese EEE OEE ESET EE OE ETE ESET EE OE ESE EE TEES SEES ESET ESO EEE OE 


Relate the banking angle of a bicycle to its turning 
radius. (p. 658) 


Use rational expressions to model real-life 
situations. (p. 668) 


Provide alternate forms of rational expression 
models. (p. 688) 


Provide a visual representation of a fundraising 
problem. (p. 695) 


How does Chapter 11 fit into the BIGGER PICTURE of algebra? 


In this chapter you studied rational expressions—fractions whose numerators and 
denominators are polynomials. Rational expressions occur frequently in real life 
as proportions, percents, probabilities, and direct and inverse variations. Under- 
standing these will enable you to model and solve a variety of real-life problems. 


Techniques used in these problems include simplifying, multiplying, dividing, 
adding, and subtracting rational expressions. Real-life problems can also be 
modeled with rational equations and represented by graphing rational functions. 


STUDY STRATEGY 


How did you use your notes 
to see what you learned? 
The notes you made, using the Study 


Strategy on page 642, may include 
the ideas shown. 


° ratio of ato bis f 


* Quantities aré measured in the same Units. 


* an equation that states that two ratios are equal 


Chapter Il Notes 


Preview—Ratio and Proportion: 


Review—Ratio and Proportion: 


¢c 
a 


a 
: It =< then? = 
4 ¢ 


a 
A a a then ad = 


a 


be. 


* proportion, p. 643 

extremes of a proportion, p. 643 

¢ means of a proportion, p. 643 

¢ solving a proportion, p. 643 

* extraneous solution, p. 644 

¢ base number of a percent equation, p. 649 
¢ inverse variation, p. 656 


* constant of variation, p. 656 

¢ rational number, p. 664 

* rational expression, p. 664 

¢ simplified rational expression, p. 664 
* geometric probability, p. 666 

¢ least common denominator, p. 677 

¢ polynomial long division, p. 685 


* rational equation, p. 690 

¢ rational function, p. 692 

° hyperbola, p. 692 

¢ center of a hyperbola, p. 692 
* asymptote, p. 692 


Examples on 
pp. 643-645 


= ke RATIO AND PROPORTION 


GELVTD Solve the proportion sp - 2 
1 


Write original proportion. 


Use cross product property. 


Divide each side by 12. 


EXAMPLES 


$20 is 40% of what amount of money? 


ais [p percent] of b 


20 = 0.45 
2052 

0.4 

50 =b 


> $20 is 40% of $50. 


Solve the percent problem. 
5. How much is 80% of $95? 


7. $90 is 75% of what amount of money? 


Examples on 
pp. 649-652 


FERRER ERE R EERE E EEE EERE EEE EE EEE EE EEE HEHEHE EEE EEE EE EEE EE EEE EEE EEE EE EEE EEE EEE 


$75 is what percent of $60? 
[a\is p percent of |b] 


75 = p (60) 
52s 
60 0 


1.25 = p, or p = 125% 
> $75 is 125% of $60. 


6. 24 inches is 250% of what length? 
8. 35 feet is what percent of 175 feet? 
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E. I 
SEED) Sopirect ano inverse VARIATION pp. 656-658 


ON ESS When x is 5, y is 25. Write an equation that relates x and y in each case. 


x and y vary directly: x and y vary inversely: 
- =k xy=k 
ee (5)(25) = k 
2 125 =k 
S5=k 
An equation that relates x and y is An equation that relates x and y is 
* = 5, ory = 5x. xy = 125, ory = =. 


When x is 17, yis 51. Find an equation that relates x and yin each case. 


9. x and y vary directly 10. x and y vary inversely 


Examples on 
4 SIMPLIFYING RATIONAL EXPRESSIONS pp. 664-666 


ARERR Ree eR REE EERE EERE EEE EEE HEHEHE EEE EEE HEHEHE EEE SESE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE HEHE EEEEEEEEEEEEEE EEE HEHE EE EEEEEE EEE EE REED 


G@ETVTIT®D To simplify a rational expression, look for common factors. 


2x? + 3x —2 = (2% = Dir Z) Factor numerator and denominator. 
Ie 4 5e 4 n §©(ea eas) Divide out common factor (x + 2). 


~ Simplified form 


Simplify the expression. 


2 3 yy 
: 3x 12. ox ; 13. 7x 21x 14. 5x° + 21x +4 
9x" + 3 12x" + 18x — 14x 25x + 100 
Examples on 
15 MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS pp. 670-672 


SRR R RRR eRe EERE EEE E EEE EEE E EEE HEHEHE EEEEEEE EEE SESE EEE EEE EEE EEEEEEEE HEHE EEEEEEEEEEEEEEEEEEEEEEEE EEE EEE EEE EEEEEEEEEEEEEEEEEEEEE HEE EE EEE EEES 


. EXAMPLE } To divide rational expressions, multiply by the reciprocal. 
2 = 2 is 
6x5 x Lp = 3 ange il il 


Multiply by reciprocal. 


x +1 +1 %-3 
— (2e+T)Bx—T) Multiply numerators and denominators. 
= (2x1) + 3(3x—=T) Factor and divide out common factors. 
= $ Simplified form 
Simplify the expression. 
45, 12x2 , 25x! FT Sa, oad ye i a” A er a 
* 3x3 3x "y3 =x? x? - 9x48 “x24 Tx4+12 x7 +5x+6 


Chapter Review 


Examples on 


11.6 | ADDING AND SUBTRACTING RATIONAL EXPRESSIONS pp. 676-678 


ESLUD simplity —~ - +. The LED is (x — 5) + 2). 


(x aes 2) x a 2) Rewrite fractions using LCD. 
SIS ee: 10 se 
a (x — 5) + 2) @— 5) +2) implify numerators. 
2 — — 
= = ata 2) w) = G al 2) Subtract fractions and simplify. 


Simplify the expression. 


6x 5x-—4 Q2x+1 x_ x+3 A —5x — 10 4x 
Woe eee. Oe oe 06 ea ee. OF ea ee 
Examples on 
(92) DivipING POLYNOMIALS pp. 684-686 


GELVTATSD There are two cases to look for when you divide polynomials. 


CASE 1: Monomial divisor CASE 2: Binomial divisor 
To divide a polynomial by a monomial, To divide a polynomial by a binomial, 
divide each term by the monomial. factor out common factors if possible. 


If not, use long division. 


Divide. 
22. Divide 3x7 — x — 1 byx — 2. 23. Divide 6x” — 36x + 5 by 6x. 
24. Divide 4x? + 6x — 5 by 2x — 1. 25. Divide 5x” + 13x — 6 by 5x — 2. 
Examples on 
118 RATIONAL EQUATIONS AND FUNCTIONS pp. 690-693 


TORRE ROR EEE H EEE HEHE EEE EEE EE HEHEHE HEHEHE HEHEHE EEEDE EEE EEE HEHE EEEEEEEEEEEEEEEEEEEEE HEHEHE EEEEEEEEEEEEEEEEEE HEHEHE EEE EEE HEHEHE EEEE 


GSLUVTED Solve the equation = = + = +. The LCD is 9x. 


9x + 2 — 9x - = 9x- + Multiply each side by 9x. 
2 — 9 3 Simplify. 
2x7 — 3x -9 =0 Write in standard form. 
(2x + 3)(x — 3) =0 Factor left side. 


When you set each factor equal to 0, you find that the solutions are -3 and 3. 


Solve the equation. 


26.4-2-=2 97,2t+2_4 6 3 2x+1 
x Xx 2 x 


Chapter 11 Rational Equations and Functions 


=e 


Chapter Test 


Solve the proportion. Check for extraneous solutions. 


6_ 17 x _xt8 x _ 7 x7-64 _x-8 
or ae arr 33" 2=10 ae 
Solve the percent problem. 

5. What is 34% of 100 liters? 6. What is 86% of $350? 

7. 24 yards is 12% of what distance? 8. 36 T-shirts is what percent of 900 T-shirts? 
Make a table of values for x = 1, 2, 3, and 4. Use the table to sketch a graph. 
Decide whether x and y vary directly or inversely. 

9.y=4x LU ee 11. y = 5x 12. y ax 
Simplify the expression. 

6 a a 

13, 20% 14, *— 1x 15,7 *—6 

4x 15x x“ — 4 

6x7. —4x3 x +3 x9 x tx? x+4 
16. —— -—>—- 17. : 18. 7 

8x 2x? wx 6x xt t+x-12 x7 -— 16 3x4 +x — 2x? 

3x7 + 6x . 15) 12x — 4 4x 5 ,4 
19. re ro 20. =F a= 21. ae ae 

8 4 4 3x 5x+1 2x 
22 ey x2 a es , ale | 
Divide. 

25. Divide 4x? — 15x” — 6x by 3x. 26. Divide 81x” — 25 by 9x — 5. 
27. Divide 2x7 + 11x + 12 by x + 4. 28. Divide 5x7 + 4x — 7 by x + 2. 
Solve the equation. 
3.x 53,2 _3 5 ar 
ae a a 30g Ge x e348 x-2 32-6 
Sketch a graph of the function. 
32.y=>_Gt3 33. y=5 : 34. y pom 
35. % BAGEL SHOP You invest $30,000 to start a bagel shop. You can 

produce bagels for $1.20 per dozen. How many dozen must you 

produce before your average cost per dozen (including your initial 

investment of $30,000) drops to $1.80? 

36. ™ CARNIVAL GAME Ata carnival game, a dart is thrown at the board 

shown at the right. Assume it is equally likely to land anywhere on the 2x +1) x - 

board. Write a model that gives the probability that the dart will land in 

the small rectangle. Evaluate the model when x = 5. A(x + 3) 


Chapter Test 


1 


. MULTIPLE CHOICE Which of the following is the 


. MULTIPLE CHOICE There are 840 students in 


=O 


and enable you to focus on each question. 


eae a 
yt+9 y-T7' 


& —-13 


solution of the proportion 


@ —82 
@® 7 


-4l 
© 41 


. QUANTITATIVE COMPARISON Solve each 


proportion and choose the statement below that 
is true about the solutions. 


COLUMN A COLUMN B 
a oe 2 S —.2 
B=2° a4 y+12 yt6 
C+ The solution in column A is greater. 9. 


The solution in column B is greater. 
©) The two solutions are equal. 


@> The relationship cannot be determined from 
the given information. 


. MULTIPLE CHOICE What is 380% of 52? 


0.07 13.68 


@ 136.84 c& 197.6 


MULTIPLE CHOICE 18.6 miles is 15% of what 
distance? 


@) 1.24 miles 2.79 miles C&> 105.4 miles 
@) 124miles CE 279 miles 


©& 19.76 


your school. At a pep rally for a football game, 
614 students attend. What percent of the students 
in your school attended the pep rally? 


C) about 136.8% about 78.8% 
© about 73.1% @)> about 36.8% 


C about 26.9% . 


= 


. MULTIPLE CHOICE Which of the following 


equations models inverse variation? 
@y=F @Q®y=x+3 
D xy =3 


® y= 3x 
@y-o-% 


Chapter 11. Rational Equations and Functions 


7. 


10. 


Chapter Standardized Test 


P) TEST-TAKING STRATEGY Think positively during a test. This will help keep up your confidence 


IMIULTIPLE CHOICE The variables x and y vary 
inversely. When x is 9, y is 36. If x is 3, what is y? 


@ 3 12 © 30 
@®D) 36 & 108 
. MULTIPLE CHOICE What is the simplified form 
. x3 — 10x* + 9x 
of the expression —5————_—? 
x“ + 5x —-6 
baa, x 1 
OD x+6 x46 Ox+6 
x(x — 9) x 
ey) x+6 © eG =n) 


MULTIPLE CHOICE A coin is tossed onto the 
large rectangular region shown below. Assume it 
is equally likely to land on any point in the region. 
What is the probability the coin will land in the 
small rectangle when x = 3? 


6x2 — 3x 


x+6 


5x 


MMIULTIPLE CHOICE What is the simplified form 


«= Ox? , 16x? 
of the expression as ? 


Xx 
9 36 
ZB 36x e © ~*~ 
Si OS 
9x 
. MULTIPLE CHOICE What is the simplified form 
of the expression ~ a = (— 8)? 
X 
x+8 x-8 1 
Cy) ee "ga <>) 3x2 
@ ~—512 x+8 
3x 3x7(x — 8) 


12. 


13. 


14. 


15. 


16. 


7x aad 3 
2_9 xv+x-6 


ZB (x + 3) — 3) B® = +246) G &@+3)G=2) 
D (x + 3) — 3) — 2) CH &— 3)@ — 2) 
MULTIPLE CHOICE What is the simplified form of the following expression? 


MULTIPLE CHOICE Find the LCD of 
x 


2x+9 _ x74 
x+5 x= 2 
2 2 2 
Xo OX ED x + 6x — 38 x” + 6x + 38 
& FG-D © G62) Orr) 
2 2 
x7 +4x+2 x~ + 4x — 38 
OGtG—-D © UG G=2) 
MULTIPLE CHOICE What is x7 + 24x — 3 divided by x — 4? 
BD x+ 28+ 12 & 123 + 109 © 28 
x-4 x-4 
D 7+ 28 © roe + 10? 


MULTIPLE CHOICE Which 
function represents the graph? 


@Dy= ! 


x— 1 


= 


oe aera a 
1 


Oy 7t 1 


DMD y= a 


are aa 


IMIULTI-STEP PROBLEM You are considering buying a new car and want to 
compare the yearly fuel costs for your car and for the new car. To find the 
yearly fuel cost you multiply the distance you travel in a year by the price per 
gallon and then divide by the number of miles per gallon your car averages. 


You determine that you drive approximately 20,000 miles in one year and 
that you pay an average of $1.20 per gallon of gasoline. 


Let x equal the number of miles per gallon your car averages. 
a. Write an expression to represent the yearly fuel cost for your car. 


b. The new car you want to buy gets five more miles to the gallon than your 
car. Write an expression to represent the yearly fuel cost for the new car. 


c. Suppose your yearly fuel cost is $400 less if you buy the new car. Write 
and solve an equation to find the number of miles per gallon your old car 
and the new car will get. 


d. What is the estimated yearly fuel cost for your old car? for your new car? 


Chapter Standardized Test 


RADICALS AND 
ONNECTIONS TO 
GEOMETRY 


APPLICATION: Spinning Rides 


spin so fast that the riders “stick” 
to the walls of the ride. The force 
exerted by the wall on the rider is 
called centripetal force. 


To design an amusement park 
ride, engineers must figure out 
the dimensions of the ride and 
how many times per minute it will 
spin. You'll learn to calculate the 
force generated by such a ride in 
Chapter 12. 


1. Based on the numbers in the table, is “revolutions 
per minute” a function of “height”? 


Ride name Height Revolutions 
(feet) per minute 


Football Ride 
Chaos™ 


Centrox 


Galactica 


2. You are designing a spinning ride that is 40 feet 
high. Use the information in the table to decide 
on a reasonable range for how many revolutions 
per minute the ride would make. 


You will calculate the centripetal force exerted on a 
rider in Exercises 66 and 67 on p. 726. 


t=.) Visit www.medougallittell.com 
=" for more information about amusement park rides. 


‘Stud 


What’s the chapter about? 


Chapter 12 connects radicals and geometry. In Chapter 12 you'll learn 


* how to solve radical equations and graph radical functions. 
¢ how to apply the Pythagorean theorem. 

¢ how to use trigonometric ratios. 

¢ how to prove theorems by using algebraic properties. 


KEY VOCABULARY 


> Review > New 
* counterexample, p. 66 * square-root function, p. 709 = * converse, p. 739 
* similar triangles, p. 140 * completing the square, p.730 ° trigonometric ratios, p. 752 


¢ perfect square trinomial, ¢ Pythagorean theorem, p.738 = postulate, p. 758 
p. 619 * hypothesis, p. 739 * theorem, p. 759 
* extraneous solutions, p.644 — « conclusion, p. 739 * indirect proof, p. 760 


Are you ready for the chapter? 


ORR Ree RRR EERE EERE EEE EERE EEE E EEE E EEE EEE REESE EEE ESSE EE EEE EEE EE EEE EE EE EEE EEE EEE E EEE HSER EEE E EEE EE EEE EE EEE EE EEE EE EEE EEE EE EEE EE EEE EEE EEE EE EEE EE EEE EE EEE EEE ED 


SKILL REVIEW Do these exercises to review skills that you’ll apply in this 
chapter. See the given reference page if there is something you don’t understand. 


In Exercises 1 and 2, the two triangles are similar. Find the length of the 
side marked x. (Review Example 5, p. 141) 


1. 2. x 
FE we ‘ ¥ 3 SES 
Study Tip ; 5 
9.1 


_ “Student Help” boxes 
throughout the chapter 
give you study tips and 
tell you where to look for 


extra help in this book 3. Vos 4. V140 5. a 6. NIA 


and on the Internet. 


Simplify the expression. (Review Examples 1 and 2, p. 512) 


Factor the trinomial. (Review Examples 1-4, pp. 604 and 605) 
Fx" = 32518 8.x7+2x-8 9. 4x? + 20x + 25 


Here’s a study 


STUDY Drawing Di 
strategy! 9 Diagrams 


Ir eiro noe ccccncenncenscnncecncenscrnscencsasencsancsoed ; Sometimes it ig helpful to include a diagram or 


another visual when you take notes. Diagrams 


and tables can also be used t i 
i 0 orga 
ideas and terms. ‘ganize related 


Chapter 12 


_ What you should learn 
Evaluate and graph 


a function involving square 
roots. 


CNN Use functions 


involving square roots to 
model real-life problems, 
such as an investigation of 
skid marks in Ex. 60. 


Why you should learn tt 


W To solve real-life problems 
such as estimating a 
dinosaur's walking speed 


in Example 4. 
Ses 


Functions Involving Square 
Roots 


PGOAL 1) GRAPHING FUNCTIONS INVOLVING SQUARE ROOTS 


m © ACTIVITY 


Developin nape : 
concen Investigating the Square Root Function 


SOPHO E EEE EE EEE EE EES EEEEESESESEEEEEEEEEEEESEEEEEEEEESESESEEEOOOEEEEE 


@ Copy the table of values for the function y = Vx. Use a calculator or 
the Table of Square Roots on page 811 to complete your table. Round 
to the nearest tenth. Plot the points. Graph the function. 


0 1 2 3 4 5 
? ? ? ? ? ? 


@® What are the domain and the range of the function? 


© Why are negative values of x not included in the domain? 


The square root function is defined by the equation y = Vx. The domain is all 
nonnegative numbers and the range is all nonnegative numbers. Understanding 
this function will help you work with other functions involving square roots. 


GLUED Graphing y = ax 


Sketch the graph of y = 2Vx. Give the domain and the range. 


SOLUTION 

The radicand of a square root is always nonnegative, so the domain is the set 
of all nonnegative numbers. Make a table of values. Then plot the points and 
connect them with a smooth curve. 


Both the domain and the range are all the nonnegative numbers. 


12.1 Functions Involving Square Roots 


It is a good idea to find the domain of a function before you make a table of 
Sod HOMEWORK HELP values. This will help you choose values of x for the table. 
Visit our Web site 
www.mcdougallittell.com 


for extra examples. T EXAMPLE 2 | Graphing y= Ve. +k 


Find the domain and the range of y = Vx + 1. Then sketch its graph. 


SOLUTION 


The domain is the set of all nonnegative numbers. The range is the set of all 
numbers that are greater than or equal to 1. Make a table of values, plot the 
points, and connect them with a smooth curve. 


GLUED Graphing y=Vx-h 
Find the domain and the range of y = Vx — 3. Then sketch its graph. 


SOLUTION 
To find the domain, find the values of x for which the radicand is nonnegative. 
x— 3 = 0 Write an inequality for the domain. 
x23 Add 3 to each side. 


The domain is the set of all numbers that are greater than or equal to 3. The range 
is the set of all nonnegative numbers. Make a table of values, plot the points, and 
connect them with a smooth curve. 


i Study Tip 


When you make a table 


y=V4—3=1 


of values to sketch the y=V5-3-14 
graph of a function i ae 
involving square roots, pve a del 
choose several values to y=V7-3 =2 


see the pattern of the 
curve. 


y=V8—-3 ~2.2 


Chapter 12 Radicals and Connections to Geometry 


roca PGOAL 2) USING SQUARE ROOTS IN REAL LIFE FUNCTIONS 


PEXAMPLE 4 ) Using a Model Involving a Square Root 


DINOSAURS Ina natural history museum you see leg bones for two species of 

mes dinosaurs and want to know how fast they walked. The maximum walking speed 

HAN ee Be S (in feet per second) of an animal can be modeled by the equation below where 
AWS. a g = 32 ft/sec? and L is the length (in feet) of the animal’s leg. > Source: Discover 


Walking speed model: S = Vel 


a. Use unit analysis to check the units of the model. 


ae PALEONTOLOGIST 
Ss A paleontologist 
studies fossils of animals and b. Sketch the graph of the model. 


tha history of Ife on Earth, c. For one dinosaur the length of the leg is 1 foot. For the other dinosaur the 


length of the leg is 4 feet. Could the taller dinosaur walk four times as fast 
7) CAREER LINK 


as the shorter dinosaur? 
www.mcdougallittell.com 


SOLUTION 
a. UNIT ANALYSIS Substitute the units in the model. 


sec” sec sec 


b. To sketch the graph of S = V32L, make a table of values, plot the points, and 
draw a smooth curve through the points. 


| | TTT TTT {tT { yf | 


| Dinosaur Walking Speed | 


~ Speed (ft/sec) © 


1 
2 
3 
4 
5 
6 
7, 
8 


Leg length (ft) 


c. Substitute | foot and 4 feet into the model. 
When L = 1 foot: S = V32°1 ~ 5.66 feet/second 
When L = 4feet: S = V32°4 = 11.31 feet/second 


> The taller dinosaur could walk about twice as fast as the shorter dinosaur, 
not four times as fast. 


12.1 Functions Involving Square Roots 


GUIDED PRACTICE 


Vocabulary Check J 1. Describe the square root function. 
Concept Check J 2. Does the domain of y = Vx + 3 include negative values of x? Explain. 


Skill Check 7 Evaluate the function for x = 0, 1, 2, 3, and 4. Round your answer to the 
nearest tenth. 


3.y=4Ve 4. y= 4Vx 5 = 3Ve +4 
6. y = 6Vx — 3 Ty=Vxt2 8. y= V4x—-1 
Find the domain and the range of the function. 

9. y = 3Vx 10. y = Vx 11. y = Vx — 10 
12. y= Vx +6 13.y=Vxt+5 14. y=Vx—10 
Sketch the graph of the function. 

15. y = 3Vx. 16. y=Vx +5 17. y= 3Vx41 


®% FirE HOSES For a fire hose with a nozzle that has a diameter of 
2 inches, the flow rate f (in gallons per minute) can be modeled by 
f = 120\/p where pis the nozzle pressure in pounds per square inch. 


18. Sketch a graph of the model. 


19. If the flow rate is 1200 gallons per minute, what is the nozzle pressure? 


PRACTICE anp APPLICATIONS 


SCOPES EEE E ESSE ESSE SEES EEE EE EEE SEES EEE EEE EEEEEEEE SEES EE EEEEEEE SESE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEES 


EVALUATING FUNCTIONS Evaluate the function for the given value of x. 
Extra Practice Round your answer to the nearest tenth. ; 
to help you master 20. y = 3Vx;9 21.) = a= 1; 16 
skills is on p. 808. 
22.y=Vx-—7;15 23. y= V3x-—5;7 
24. y= 6V15 —x;-1 25. y= V21 — 2x; -2 
— |X_». ea ig2 4251 
26. y= 5) 2522 27. y 8x +554 
28. y = 2 +5;6 29. y = V36x — 2:4 
FINDING THE DOMAIN Find the domain of the function. 
a 30. y = 6Vx 31.y=Vx—-17 32. y = V3x — 10 
HOMEWORK HELP 33.y=Vx+5 34.y=4+ Vx 35.y= Ve = 3 
Example 1: Exs. 20-56 
Example 2: Exs. 20-56 36. y=5—- Vx 37. y= 4Vx 38. y = 2V4x 
Example 3: Exs. 20-56 = = —1/ 
Example 4: Exs. 57,58, 39. y 0.2Vx 40. y pe 41.y x+9 
eine 42. y = 8,/2x 43. y= 44, y = —* 


Chapter 12 Radicals and Connections to Geometry 


GRAPHING FUNCTIONS Find the domain and the range of the function. 
Then sketch the graph of the function. 


45. y = 7Vx 46. y = 4Vx 47. y = 5Vx 

48. y= Vx —2 49.y=Vx +4 50. y = Vx —3 
B1.y=Vx—-4 52.y=Vxt+1 53. y= Vx—6 
54. y = 2V4x+ 10 55. y = V2x+5. 56. y = xV8x 


57. +’) MEDICINE A doctor may use a person’s body surface area (BSA) as an 
index to prescribe the correct amount of medicine. You can use the model 
below to approximate a person’s BSA (in square meters) where h represents 
height (in inches) and w represents weight (in pounds.) 


— thew 
BSA = 3731 


Find the BSA of a person who is 5 feet 2 inches tall and weighs 100 pounds. 
Round your answer to the nearest hundredth. 


58. ‘4 PENDULUMS The period T (in seconds) of a pendulum is the time it 
takes for the pendulum to swing back and forth. The period is related to the 
length L (in inches) of the pendulum by the model T = 27, a . Find the 


length of a pendulum with a period of eight seconds. Give your answer to the 
nearest tenth. 


59. CONNECTION The lateral surface area S 
of a cone with a radius of 14 centimeters can be 
found using the formula 


S=m7-14V142 + 1? 


FOCUS ON where h is the height (in centimeters) of the cone. 
CAREERS 


a. Use unit analysis to check the units of 


the formula. 
14cm 


b. Sketch the graph of the formula. 


c. Find the lateral surface area of a cone 
with a height of 30 centimeters. 


60. 8% INVESTIGATING ACCIDENTS An accident reconstructionist is 
responsible for finding how fast cars were going before an accident. To do 
this, a reconstructionist uses the model below where S is the speed of the car 
in miles per hour, d is the length of the tires’ skid marks in feet, and fis the 
coefficient of friction for the road. 


Je ACCIDENT RECON- Car speed model: S = V30df 

STRUCTIONIST 7 
An accident reconstruc- a. In an accident, a car makes skid marks 74 feet long. The coefficient of 
tionist is a police officer who friction is 0.5. A witness says that the driver was traveling faster than the 
examines physical evidence speed limit of 45 miles per hour. Can the witness’s statement be correct? 


to find the cause of an Explain your reasoning. 


accident. 
Soo) CAREER LINK b. How long would the skid marks have to be in order to know that the car 
www.medougallittell.com was traveling faster than 45 miles per hour? 


12.1 Functions Involving Square Roots 


COLLECTING DATA In Exercises 61 and 62, use the information from 
Example 4 on page 711. 


61. Measure the length of your leg and calculate your maximum walking speed. 


62. Mark a distance of 80 feet. Time yourself to see how long it takes you to 
walk the distance. Compare your speed from Exercise 61 with your actual 
speed. What did you find? 


ED» 
Test ES) 63. IULTI-STEP PROBLEM The relationship between a roller coaster’s velocity 
Prep aration v (in feet per second) at the bottom of a drop and the height of the drop h 


(in feet) can be modeled by the formula v = V2gh where g represents 
acceleration due to gravity. 


a. Use the fact that g = 32 ft/sec” to show that v = V2gh can be simplified 
to v = 8Vh. 


b. Sketch the graph of v = 8Vh. 


c. Writing Use the formula or the graph to explain why doubling the height 
of a drop does not double the velocity of a roller coaster. 


%& Challenge — 64. criticat THINKING Find the domain of y = =o 
a 


MIxeD REVIEW 


COSCO EEE HEHE EEE EEE EEE E EEE EEE EEE EEE EEE EEE EEE EEEEEE EEE EEEHEE SEES EEE EEEE EEE EE EEEH EEE EEEE EEE EEEEEEEEEEEEEEEEEEEE EEE ESESEEEOEES 


SIMPLIFYING RADICAL EXPRESSIONS Simplify the radical expression. 


(Review 9.2 for 12.2) 
65. V24 66. V60 67. V175 68. V9900 

20 1 3V7 i 
69. 35 70. aV 80 71. Bice 72.4 16 
SOLVING QUADRATIC EQUATIONS Solve the equation. (Review 9.5) 
73. x7 + 4x-8=0 74.x*-—2x-4=0 75. x7 —6x+1=0 
76. x° + 3x —10=0 77. 2x7 +x =3 78. 4x7 — 6x +1=0 


MULTIPLYING EXPRESSIONS Find the product. (Review 10.2 for 12.2) 


79. (x — 2)(x + 11) 80. (x + 4)(3x — 7) 81. (2x — 3)(5x — 9) 
82. (x — 5)(x — 4) 83. (6x + 2)(x* -—x-—1) 84. (2x — 1)? +x4 1) 
SIMPLIFYING EXPRESSIONS Simplify the expression. (Review 11.5) 
8x1 ge 29. Caries tl 
a ae” eae maT) +e re 


88. % MMIOUNT RUSHMORE Four American Presidents’ faces are carved on 
Mount Rushmore: Washington, Jefferson, Roosevelt, and Lincoln. Before 
the faces were carved on the cliff, scale models were made. The ratio of 
the faces on the cliff to the models was 12 to 1. If the scale model of 
President Washington’s face was 5 feet tall, how tall is his face on 
Mount Rushmore? (Review 11.1) 


Chapter 12 Radicals and Connections to Geometry 


C ACTIVITY 12.1 Graphing Calculator Activity for use with Lesson 12.1 


isitwteent)a Functions Involving Square Roots 


A graphing calculator or a computer can be used to graph functions involving 
square roots. To graph such a function use the key. 


> EXPLORING THE CONCEPT 


1) Use a graphing calculator to graph 
y= aVx for a = 1. 


(2) Repeat Step 1 for a = 2, 3, and 4. Show 
all four graphs on the same screen. 


(3) Describe the effect that a has on the 
graph of y = avx. 


_ > EXPLORING THE CONCEPT 
N, 
te) KEYSTROKE © Use a graphing calculator to graph y = aVx 
= fora = —landa=1. 


See keystrokes for 

several models of 5) Graph y = aVx fora = —4 anda = 4. 
calculators at 

www.mcdougallittell.com 6 } Graph y = aVx fora = —9 anda = 9. 


Q Describe the effect that a has on the graph of 
y = aVx when ais negative. 


> DRAWING CONCLUSIONS 


1. Use a graphing calculator to graph the function y = Vx + k for 
k = —3, —1, 2, and 5. Show all four graphs on the same screen. Then 
describe the effect that k has on the graph of y = Vx +k. 


2. Use a graphing calculator to graph the function y = Vx + k for 
k = —3, —1, 2, and 5. You may need to use parentheses around the 
radicand. Show all four graphs on the same screen. Then describe the 
effect that k has on the graph of y = Vx + k. 


EXTENDING THE CONCEPT Find the value of a or k so that the graph of 
the function matches the given graph. 


3.y =aVx 4.y=Vixt+k B.y=Vx +k 


10 10 10 
0 0 0 
=10) =e =U 
; \ | h 
= (0 0 10 =i) 0 10 


=i 0 10 


12.1 Technology Activity 


Operations with Radical 
Expressions 


GVO) usine Ravicat Operations 


What. you ool oan __~_~rEET Ce cree ree 


Add, subtract, You can use the distributive property to simplify sums and differences of radical 
multiply, and divide radical expressions when the expressions have the same radicand. 
expressions. 
Use radical Sum: V2 + 3V2 = (1+ 3)V2 = 4V2 
expressions in real-life 
situations, as in finding the Difference: V2 — 3V2 = = 3)V2 = —2V2 
speed of a pole-vaulter in : 
Ex. 58. In part (b) of Example 1, the first step is to remove a perfect square factor from 


under the radical sign, as you learned on page 512. 


Why you should learn it 


V To solve real-life problems 


such asfinding distancesto = @SYVTTTIEY Adding and Subtracting Radicals 


the horizon from a schooner 
in Example 5. Ben a. 2V2 + V5 — 6V2 = —4V2 + V5 Subtract like radicals. 


b. 4V3 — V27 = 4V3 — VO-3. Perfect square factor 
= 4V3 — V9 -vV3 Use product property. 
= 4V3 — 3V3 Simplify. 
= V3 Subtract like radicals. 


GEV Muttiplying Radicals 


a. V2-V8 =VI16 Use product property. 


=4 Simplify. 
b. V2 (5 — V3) =5V2 —V2+V3 Use distributive property. 
= 5V2 —V6 Use product property. 
e. (1+ V5) = 12 + 2V5+ (V5) Use square of a binomial pattern. 
=14+2V5 +5 Evaluate powers. 
=6+2V5 Simplify. 


d. (a = Vb \(a a Vb) = q— (vo) Use sum and difference pattern. 


=a’ —b Simplify. 


Chapter 12 Radicals and Connections to Geometry 


The expressions (a + Vb) and (a = Vb) are conjugates. As you can see in 
part (d) of Example 2, when a and D are integers, the product (a + Vb)(a — Vb) 
does not involve radicals. Here are some other examples of conjugates. 


EXPRESSION CONJUGATE PRODUCT 

44+V7 4—-V7 # — (V7) =16-7=9 
V3 -c V3 +¢ (V3) —-c2=3-¢ 
pt+Vq p-Vq p—(Vq) =p -q 


A simplified fraction does not have a radical in the denominator. To simplify 
some radical expressions with radicals in the denominator, you can use 
conjugates. For others, you may be able to write an equivalent expression 
with a perfect square under the radical sign in the denominator. 


SEE GETTIED Simplitying Radicals 
grey HOMEWORK HELP 


c Visit our Web site eo V5 F : 

a. = . Multip! tor and d tor by V5. 
www dounallittall. com V5 Vs V5 ultiply numerator and denominator by 
for extra examples. 

= au Multiply fracti 
V5 V5 ultiply fractions. 
= 3V5_ Simplify. 
5 
b. J = 1 —= Vd Multiply numerator and 
e-Vd c-Vd e+Vd denominator by the conjugate. 
oid Multiply f 
= ulti ractions. 
(c — Va)(c + Vd) re 
ct+Vd Simolif 
= implify. 
Cod 


P EXAMPLE 4 ] Checking Quadratic Formula Solutions 


Check that 2 + V3 is a solution of x2 — 4x + 1 = 0. 


SOLUTION 
You can check the solution by substituting into the equation. 


x7-4x+1=0 Write original equation. 


(2 2 v3) = 4(2 + V3) +120 Substitute 2 + V3 for x. 


4+4V3 +3-8-—4V3 +120 Multiply. 


0=0 Solution is correct. 


12.2 Operations with Radical Expressions 


G@QN6) usine Rapicats As REAL-LIFE MODELS 


By Me GTN using a Radical Model 
os 


You and a friend are spending the summer working on a schooner. The distance d 
(in miles) you can see to the horizon can be modeled by the following equation 
where / is your eye-level height (in feet) above the water. 


Distance to horizon: d = = 


a. Your eye-level height is 32 feet and your friend’s eye-level height is 18 feet. 
Write an expression that shows how much farther you can see than your 
friend. Simplify the expression. 


b. To the nearest tenth of a mile, how much farther can you see? 


SOLUTION 
a. Subtract the distance your friend can see from the distance you can see. 


VERBAL Difference _| Your  _ |Your friend’s 
MODEL in distances distance distance 
7 . — 
LABELS Difference in distances = D (miles) 
2 
Your distance = a (miles) 
| Your friend’s distance = ae (miles) 
2 
ALGEBRAIC D= i ) pe 
MODEL 
= V48 — V27 
=V16°3 —V9*3 
= 4V3 — 3V3 
=V3 


> You can see V3 miles farther than your friend. 


b. Use a calculator or the Square Root Table on p. 811 to find that V3 = 17. 


> You can see about 1.7 miles farther than your friend. 


Chapter 12 Radicals and Connections to Geometry 


GUIDED PRACTICE 


Vocabulary Check J 1. Complete the following sentence: Two radical expressions are _?_ if they have 
the same radicand. 


2. Write a radical expression and its conjugate. 


Concept Check J 3. Explain how to simplify 4 ; 
Skill Check 7 Simplify the expression. 
4.4V5 + 5V5 5. 3V7 — 2V7 6. 3V6 + V24 
7. V3 «V8 8. (2 + V3) 9. V3(5V3 — 2V6) 
4 3 6 
10. — 11. ———— 12. — 
V13. 8—VI10 V10 
Show whether the expression is a solution of the equation. 
13. 6g? — 156 = 0; V26 14. x? — 48 = 0; —4V3 
15. x? — 12x +5 =0;6 + V31 16. x* — 8x + 8 =0;4+ 2V2 


17. % SAILING In Example 5, suppose your eye-level height is 24 feet and your 
friend’s is 12 feet. Write an expression that shows how much farther you can 
see than your friend. Simplify the expression. 


PRACTICE ano APPLICATIONS 


COCO CSTE SEES THEE EE EH EEE EE HEHE EEE SEES EEE EEE EEE SESE EEE EEE EEE SEES EEE SEES EEEEEEEEE ESE EEE EEE EEEEESEE ESHEETS EE EEES EEE SESEEEEEEEES 


_ ee ADDING AND SUBTRACTING RADICALS Simplify the expression. 
Extra Practice 18. 5V7 + 2V7 19. V3 + 5V3, 20. 11V3 — 12V3 
to help you master 
skills is on p. 808. 21. 2V6 — V6 22. V32 + V2 23. V75 + V3 
24. V80 — V45 25. V72 — V18 26. V147 — 7V3 
27. 4V5 + V125 + V45 28. 3V11 + V176 + V11 
29. V24 — V96 + V6 30. V243 — V75 + V300 
MULTIPLYING AND DIVIDING RADICALS Simplify the expression. 
31. V3 -V12 32. V5 + V8 33. (1 + V13)(1 — V13) 
34. V3 (5V2 + V3) 35. V6(7V3 + 6) 36. (V6 + 5)* 
37. (Va — b)* 38. (Ve +d)\(3+V5) 39. (2V3 —5)* 
5 2 9 
I HOMEWORK HELP 40. ae 41 a3 42. eT 
Example 1: Exs. 18-30 
Example 2: Exs. 31-39 43 3 44 6 45 V3 
Example 3: Exs. 40-48 * 4g 10 + V2 “V3 -—] 
Example 4: Exs. 52-57 
Example 5: Exs. 58, 59 46 Ia 47 2 _ 48 4+ V3 
" 60 — V578 "7 -V3 "  a-—Vb 


12.2 Operations with Radical Expressions 


GEOMETRY 2°) Find the area. (See Table of Formulas on page 813.) 


=|] 50. 51. 
V68 
1B Vad + 12 V75 + 10 


V99 + 2 V25 +4 


CHECKING SOLUTIONS In Exercises 52-57, solve the quadratic equation. 
Check the solutions. 


52. x7 + 10x + 13 =0 53. x? — 4x -6=0 
54. x7 — 4x -15=0 55. 4x2 —- 2x -1=0 
56. x* — 6x —-1=0 57. a> — 6a — 13 = 0 


58. &% POLE-VAULTING A pole-vaulter’s approach velocity v (in feet per 
second) and height reached h (in feet) are related by the following equation. 


Pole-vaulter model: v = 8V/A 


If you are a pole-vaulter and reach a height of 20 feet and your opponent 
reaches a height of 16 feet, approximately how much faster were you running 
than your opponent? Round your answer to the nearest hundredth. 


59. 8% BIOLOGY Many birds drop clams or other 
shellfish in order to break the shell and get the 
food inside. The time ¢ (in seconds) it takes 
for an object such as a clam to fall a certain 
distance d (in feet) is given by the equation 


Va 

a 
A gull drops a clam from a height of 50 feet. 
A second gull drops a clam from a height of 
32 feet. Find the difference in the times that 
it takes for the clams to reach the ground. 
Round your answer to the nearest hundredth. 


t= 


& FALLING OBJECTS In Exercises 60-62, use the following information. 
The average speed of an object S (in feet per second) that is dropped a certain 
distance d (in feet) is given by the following equation. 


Falling object model: S = a 
“4- 
60. Rewrite the equation with the right-hand side in simplest form. 


61. Use either equation to find the average speed of an object that is dropped 
from a height of 400 feet. 


62. CHECKING GRAPHICALLY Graph both the falling object model and 
your equation from Exercise 60 on the same screen to check that you 
simplified correctly. 
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SDA 
Test = 63. MULTIPLE CHOICE Simplify V5(6 + V5). 
Preparation A 41 + 2V5 53V5, © 41V5 +60 wD 101V5 


64. MULTIPLE CHOICE Which of the following is the difference V3 — 5V9? 


A V3 -3 @BV3-15 © —4v3 > V3 — 45 
. ; 3 
65. MULTIPLE CHOICE S lify ————. 
mp5 V5 
15 + 3V5 15+ V5 15 + V15 15 — 3V5. 
Cy ee yn O~ xn O~x 


* Challenge EGET CONNECTION In Exercises 66-68, use the following information. 
Find a partner to help you with the following 
experiment. Take a ruler and drop it from a 
fixed height. Once the ruler is released, your 
partner should catch it as quickly as 
possible. Measure how far the ruler falls 
before your partner catches it. The reaction 
time can be calculated by the equation 


ae 

f= 4 192 
where f is the reaction time (in seconds) 
and d is the distance (in inches) the ruler 


falls. 


66. Show how to arrive at this equation from the equation f = ie in Exercise 59, 
where d is in feet. 


67. Suppose for three trials, the ruler falls 4 inches, 1 inch, and 3 inches. 
Calculate the average reaction time for the three trials. 


68. Perform the experiment several times, recording the distance the ruler falls 


each time. Organize the results in a table. Calculate the average reaction time 
www.mce dougallittell.com for your first five trials. Compare results with your classmates. 


MIXED REVIEW 


PERCENT PROBLEMS Solve the percent problem. (Review 11.2) 
69. What is 30% of 160? 70. 105 is what percent of 240? 
SKETCHING GRAPHS Sketch the graph of the function. (Review 11.8) 


2 
x—6 


+2 73. y= +9 


T1.y=—te- 1 72. y= 


6 x= 35 


FINDING DOMAINS AND RANGES Find the domain and the range of the 
function. (Review 12.1 for 12.3) 


74. f(x) = Vx -3 75. f(x) = Vx —- 8 76. f(x) = Jar 
77. f(x) = Vx +4 78. f(x) = 6x 79. f(x) =Vx +3 


12.2 Operations with Radical Expressions 


Solving Radical Equations 


GX) sowvine a Rapicat Equation 


What you Ts assssncsssnsonssnscosossnconenconssenveascnsavenconsncenensencoecncasencsssocsocssensoscncascosesees 


GOAL 1) Solve a radical In solving an equation involving radicals, the following property can be 
equation. extremely useful. 


SG Use radical 


equations to solve real-life 
problems, such as finding SQUARING BOTH SIDES OF AN EQUATION 


the centripetal force a person 
experiences on a ride in 


Exs. 66 and 67. lfa= 6, thena? = be Example: V4 = 2, so (V4)? 


Why you should learn it 


V To solve real-life . . . 
problems such as finding the PEXAMPLE 1 ) Solving a Radical Equation 
nozzle pressure of antifreeze 
used to de-ice a plane in Solve Vx —7 = 0. 


Suppose a and bare algebraic expressions. 


Example 5. Be Lg 
=" SOLUTION [Isolate the radical expression on one side of the equation. 
=, i < 
an. . 
| a 5 j Vx —7=0 Write original equation. 
Vx =7 Add 7 to each side. 


(Vx )? =7 Square each side. 
x = 49 Simplify. 


> The solution is 49. Check the solution in the original equation. 


P EXAMPLE 2 ) Solving a Radical Equation 


To solve the equation V2x — 3 + 3 = 4, you need to isolate the radical 
expression first. 


V2x-3 +3=4 Write original equation. 
V2x-3 =1 Subtract 3 from each side. 
(V2x = i i i Square each side. 


2x-3=1 Simplify. 
2x=4 Add 3 to each side. 
x=2 Divide each side by 2. 


> The solution is 2. Check the solution in the original equation. 


Chapter 12 Radicals and Connections to Geometry 


EXTRANEOUS SOLUTIONS Squaring both sides of an equation often introduces 
an extraneous solution of a = b? that is not a solution of a = b. When you 
square both sides of an equation, check each solution in the original equation. 


GLEE) Checking for Extraneous Solutions 


Solve the equation. 


a. Vit 2 =x b. Vx + 13 =0 
SOLUTION 
a. Vx +2 =x Write original equation. 
(Vx 2) =a" Square each side. 
xt+2= x? Simplify. 

O=x*-x-2 Write in standard form. 
0=(—2)@+ 1) Factor. 
x=2orx=—-1 Zero-product property 


JV CHECK Substitute 2 and —1 in the original equation. 


V2t2 £2 V-1+22-1 
2=2V¢ 14-1 
> The only solution is 2, because x = —1 is not a solution. 


i Study Tip b. Vx + 13 =0 


In part (b) of Example 3 


Write original equation. 


you can also use critical Vx = -13 Subtract 13 from each side. 
thinking to find that there 

is no solution. Because (vx)? = (-13)° Square each side. 

Vx represents a non- 

negative number, there is x = 169 Simplify. 

no value for Vx that is ; ; 
the opposite of 13. > V169 + 13 # 0, so the equation has no solution. 


GVW) Using a Geometric Mean 


The geometric mean of a and b is Vab. If the geometric mean of a and 6 is 12, 
what is the value of a? 


SOLUTION Geometric mean = Vab 
12 = V6oa Substitute. 
12 = (V6a y Square each side. 


144 = 6a Simplify. 
24=a Solve for a. 


12.3 Solving Radical Equations 


PGOAL 2] SOLVING RADICAL EQUATIONS IN REAL LIFE 


TORRE RRR EERE EEE EEE EEE HEHE EEE HEHE REESE EEE EEE EEE EEE EE EEE HEHEHE EEE EEE EEE EE EEE EE EE EEE EEE EEE EEE EED 


J te,  GETWTITD Using a Radical Model 
~, » 


You work for a commercial airline and remove ice from planes. The relationship 
among the flow rate r (in gallons per minute) of the antifreeze for de-icing, the 
nozzle diameter d (in inches), and the nozzle pressure P (in pounds per square 
inch) is shown in the diagram. You want a flow rate of 250 gallons per minute. 


a. Find the nozzle pressure for a nozzle whose diameter is 1.25 inches. 
b. Find the nozzle pressure for a nozzle whose diameter is 1.75 inches. 


c. When you increase the diameter of the nozzle by 40%, do you also change 
the nozzle pressure by 40%? Explain. 


r=30d2V/P 


Nozzle diameter d 
Flow rate r 


/ 


SOLUTION 

a. r = 30dVP Write model for water flow. 
250 = 30(1.25)2VP_ Substitute 1.25 for d and 250 for r. 
250 = 46.875VP Simplify. 

a z= VP Divide each side by 46.875. 
2 
(as) =P Square each side. 

28.4 ~P Use a calculator. 


> The nozzle pressure will be about 28.4 pounds per square inch. 


b. r = 30d2VP Write model for water flow. 
250 = 30(1.75)2VP. Substitute 1.75 for d and 250 for r. 


NEE = VP Simplify and divide each side by 91.875. 
250 \* _ ; 
(535) = Square each side. 
aed os Use a calculator. 


> The nozzle pressure will be about 7.4 pounds per square inch. 


c. No, when you increase the nozzle diameter by 40%, the pressure decreases 
by about 74%. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Explain what an extraneous solution is. 


Concept Check J 2. One reason for checking a solution in the original equation is to look for an 
error in one of the steps of the solution. Give another reason. 


3. Is 36 a solution of Vx = —6? Why or why not? 


Skill Check / Solve the equation. Check for extraneous solutions. 


4. Vx —20=0 5. V5x +14+8=12 6. V4x —1=3 
7. Vx +6=0 8. V4x +5 =x 9.Vx+6—x=0 
10. x=Vx+ 12 11.-54+ Vx =0 12. x = V5x + 24 


13. Find a if the geometric mean of 12 and a is 6. 


14. % PLANE DE-ICING Use Example 5 to answer the question. What will the 
nozzle pressure be if the nozzle diameter is 2 inches? 


PRACTICE ano APPLICATIONS 


COOPER O EEE EEE HEHEHE TEETH EEE EEE EEE EEE EEEE EEE SHEE EE EEO EEE EEEEEE EES EEEEEEEEEEEEE EEE EEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESD 


ae SOLVING RADICAL EQUATIONS Solve the equation. Check for extraneous 
Extra Practice solutions. 
ta help you master 15. Vx —9=0 16. Vx —1=0 17. Vx +5=0 


skills is on p. 808. 
18. Vx — 10 =0 19. Vx — 15 =0 20. Vx —-0=0 


21. V6x — 13 = 23 22. V4x + 1 +5 = 10 23. V9 —x — 10= 14 
24. V5x+14+2=6 25. Vox —2 —3=7 26. 4 = 7 — V33x — 2 


27.10=4+V5x+11  28.-5-Vi0x—2=5 29. V-x-3=3 
30. Vx +4= 31. a 2-a5=45 3225 3,42 
33. /or-4-3=5  34.6-VIx—9 = 35. faxt+1-2=3 
36. x = V35 + 2x 37. x = V—4x —4 38.x = V6x—9 
39. x = V30—x 40. x = V1lx — 28 41. V—10x — 4 = 2x 
42. x = V200 — 35x 43. V110 —x =x 44, 2x = V—-13x — 10 
_ 45. x = Vax + 45 46. ix =Vx-—6 47. 2x = V24x = 128 


Example Mi cae ae GEOMETRIC IMIEAN Two numbers and their geometric mean are given. 
Example 2: Exs. 22-47 : f 

Example 3: Exs. 15—47 Find the value of a. 

ial ena aeea 48. 12 and a; 27 49. 4 and a; 16 50. 6 and a; 27 


Example 5: Exs. 69, 70 
51. 4 and a; 14 52. 6 and a; 72 53. 8 and a; 104 


12.3 Solving Radical Equations 


ERROR ANALYSIS Find and correct the error. 
54. 55. 


x = 225 and -Z 


SOLVING GRAPHICALLY In Exercises 56-64, use a graphing calculator 
Look Back == to graphically solve the radical equation. Check the solution 


algebraically. 


For help with solving 


an equation using a 56. Vx + 4 =3 57. Vx — 5.6 =2.5 58. V0.2 —x =1.8 
graphing calculator, 
Peep aes 59. V6x—2 —3 37 60.4 + Vx =9 61. Vix — 12 =x 


62. V2x +7 =x+2 63. V3x-—2 =4-x 64. V15 — 4x = 2x 


65. VISUAL THINKING Use a graphing calculator or a computer to show that 
= the radical equation V11x — 30 = —x has no solution. Explain. 


CONNECTION Find the value of x. 


66. Perimeter = 30 67. Area = 825 
Vx+6 Vox=1 


68. LOGICAL REASONING Write a radical equation that has a solution of 18. 


®) AMUSEMENT PARK RIDE In Exercises 69 and 70, use the following 
information. 

A ride at an amusement park spins 

in a circle of radius r (in meters). 

The centripetal force F experienced 
by a passenger on the ride is modeled 
by the equation below, where f is 

the number of seconds the ride 

takes to complete one revolution 

and m is the mass (in kilograms) 

of the passenger. 


, = _|4aemr 
F 


69. A person whose mass is 67.5 kilograms is on a ride that is spinning in a circle 


_ ae at a rate of 10 seconds per revolution. The radius of the circle is 6 meters. 
Fg APPLICATION LINK How much centripetal force does the person experience? 
4 Visit our Web site : : : : 
www.medougallittell.com 70. CRITICAL THINKING A person whose mass 1s 54 kilograms is on the ride. 
for more information A mass of 54 kilograms is 80% of 67.5 kilograms. Is the centripetal force 
about centripetal force. experienced by the person 80% of the force in Exercise 69? Explain. 
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Test é2) 


Preparation 


* Challenge 


® BLOTTING PAPER In Exercises 71 and 72, use the following information. 
Blotting paper is a thick, soft paper used for absorbing fluids such as water or 
ink. The distance d (in centimeters) that tap water is absorbed up a strip of 
blotting paper at a temperature of 28.4°C is given by the equation 


d = 0.444Vt where t is the time (in seconds). 
71. Approximately how many minutes would it take for the water to travel 


a distance of 28 centimeters up the strip of blotting paper? 


72. How far up the blotting paper would the water be after 335 seconds? 


GEOMETRIC MEAN In Exercises 73-76, use the proportion 7 = 4 where a, 

b, and d are positive numbers. 

73. In the proportion A = a b is called the geometric mean of a and d. Use the 
cross product property to show that b = Vad. 


74. Two numbers have a geometric mean of 4. One number is 6 more than 
the other. 


a. Use the proportion in Exercise 73. Rewrite the proportion substituting 
the given value for the geometric mean. 


b. Let x represent one of the numbers. How can you represent “one 
number is 6 more than the other” in the proportion? Rewrite the 
proportion using x. 


c. Solve the proportion in part (b) to find the numbers. 


75. Two numbers have a geometric mean of 10. One number is 21 less than 
the other. Find the numbers. 


76. Two numbers have a geometric mean of 12. One number is 32 more than the 
other. Find the numbers. 


QUANTITATIVE COMPARISON In Exercises 77-80, choose the statement 
below that is true about the given quantities. 


CAD The quantity in column A is greater. 
The quantity in column B is greater. 
C&> The two quantities are equal. 


(> The relationship cannot be determined from the given information. 


Column A Column B 
77. | The geometric mean of 3 and 12 The geometric mean of | and 36 
78. The solution of Vx + 4 =5 The solution of Vx — 4 =5 


79. The solution of Vx — 3 = 5 The solution of Vx — 3 =5 


80. | The geometric mean of —1 and —64 | The geometric mean of —2 and —32 


81. LOGICAL REASONING Using 4Vx = 2x + k, find three different expressions 
that can be substituted for k so that the equation has two solutions, one solution, 
and no solution. Describe how you found the equations. 


12.3 Solving Radical Equations 


MIxeD REVIEW 


COCO EERE EE HEE E EEE E EEE EEE HEHE EEE EEE EEE EEE EEE EEEE EEE EEEEEE EEE EEE EEEEEEEEEEEE EEE EE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


SOLVING EQUATIONS Solve the equation. (Review 9.1, 9.2 for 12.4) 


82. x7 = 36 83. x7 = 11 84. 7x* = 700 

85. 25x2 -9 = —5 86. iy? ay 87. —1612 + 48 =0 
FINDING PRODUCTS Multiply. (Review 10.3 for 12.4) 

88. (x + 5)? 89. (2x — 3)? 90. (3x + 5y)(3x — 5y) 

91. (6y — 4)(6y + 4) 92. (x + Ty)? 93. (2a — 9b)* 


FACTORING TRINOMIALS Factor the trinomial. (Review 10.7 for 12.4) 
94. x7 + 18x + 81 95. x? — 12x + 36 96. 4x2 + 28x + 49 


UNDEFINED VALUES For what values of the variable is the rational 
expression undefined? (Review 11.4) 


5 x+2 x+4 
| 98. —— 99 


97 > 
x" — 4 x +x-6 


100. % COMPARING Costs A discount grocery store offers two types of 
memberships with annual membership fees of $25 and $100. If you pay the 
$25 membership fee, you get regular discounted prices. If you pay the $100 
membership fee, you get an additional 10% discount. How much money 
would you have to spend on groceries for the two memberships to cost the 
same? (Review 7.2) 


Quiz 1 Self-Test for Lessons 12.1-12.3 


POPES EEE EEE SEES E EEE EEE SEES EEE EEE EEE SESE EEE EEE EEE EO EE SEES EEE SEES SEES EE ESHEETS EEEE EEE EEEEEEEEEESESEEEEEEEEEEESEEEE SEES 


Identify the domain and the range of the function. Then sketch the graph of 
the function. (Lesson 12.1) 


1.9 = 10Vx 2.y=Vx-9 3.y=V2x-1 ay 2222 


Simplify the expression. (Lesson 12.2) 


5. 7V10 + 11V10 6. 2V7 — 5V28 7.AV5 +105 — 80 
8. V3(3V2 + V3 9. (V7 +5) 10. —2 

( ) (\7+5) Re 
Solve the equation. (Lesson 12.3) 
11. Vx — 12 =0 12. Vx —-8=0 13. V3x +2 +2=3 
14. V3x -24+3=7 15. V77 —4x =x 16.x = V2x+ 3 


17. % NOZZLE PRESSURE The nozzle pressure P (in pounds per square inch) 
of a hose with diameter d (in inches) and water-flow rate r (in gallons per 
minute) is given by the equation r = 30d?VP. Find the nozzle pressure ina 
hose that has a water-flow rate of 250 gallons per minute and a diameter of 
2.5 inches. (Lesson 12.3) 
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© ACTIVITY 12.4 Group Activity for use with Lesson 12.4 


Mpegs Modeling Completing the Square 


> QUESTION How can you use algebra tiles to represent perfect square 
GROUP ACTIVITY trinomials? 


Work with a partner. 


MATERIALS > EXPLORING THE CONCEPT 


algebra tiles 
(a) Use algebra tiles to model 
the expression x7 + 6x. 
2) Arrange the x-tile and the 
Look Back x-tiles to form part of a square. 


For help with algebra 
tiles, see p. 575. 


You have completed the square: x? + 6x + 9 = (x + 3)”. 


© To complete the square, 
you need to add nine 1-tiles. 


> DRAWING CONCLUSIONS 


1. Use algebra tiles to complete the square for each expression in the table. 
Then copy and complete the table to show your results. 


x? + 6x 9 3? 
x? + 8x 2 2 
x? + Ax 2 2 
x? + 2x 2 2 


2. How is the number in the third column related to the coefficient of x in the 
first column? 


3. Use the pattern you found in Exercise 2 to predict how many tiles you would 
need to add to complete the square for the expression x7 + 14x. 


12.4 Concept Activity 


Completing the Square 


PGOAL 1) SOLVING BY COMPLETING THE SQUARE 
What. you should learn 


Solve a quadratic In the activity on page 729, you completed the square for expressions 
equation by completing the 


square. of the form x” + bx where b = 2, 4, 6, and 8. In each case, x7 + bx + (2 . 2) 
Choose a method was modeled by a square with sides of length x + 4 By using FOIL to expand 
- Tay GH (x + 2) (x + 2), you can show that this pattern holds for any real number b. 
uation. 
Why-you should learn tt COMPLETING THE SQUARE 
V To solve real-life problems 


such as finding the path of To complete the square of the expression x* + bx, add the square of half 
the diver in Ex. 71. the coefficient of x. 
Bo 


iti foe te( LD\ 
x2 + bx + (2 


PEXAMPLE 1 | Completing the Square 


What term should you add to x* — 8x so that the result is a perfect square? 


SOLUTION 


2 
The coefficient of x is —8, so you should add ( 5) ) , or 16, to the expression. 


_9\2 
2 - a+ (53) =x*— 8x+ 16=(x- 4)? 


T EXAMPLE 2 } Solving a Quadratic Equation 


Solve x* + 10x = 24 by completing the square. 


SOLUTION 
x? + 10x = 24 Write original equation. 
2 2 2 iO 3 : 
x° + 10x4+ 5°=244+5 Add | =} . or 5°, to each side. 
Study Tip (x + 5)? = 49 Write left side as perfect square. 
When completing the x+5=+7 Find square root of each side. 
square to solve an 
equation, remember that x=-5+7 Subtract 5 from each side. 
you must always add the ae 
b\2 i x=2orx=-—12 Simplify. 
term (3) to both sides 
of the equation. > The solutions are 2 and —12. Check these in the original equation to see that 
both are solutions. 


Chapter 12 Radicals and Connections to Geometry 


[ Study Tip 


To solve an equation by 
completing the square, 
you first need to isolate 
the x?-term and the 
X-term on one side of 
the equation. 


ANE; 
Le 3 HOMEWORK HELP 


Visit our Web site 
www.mcdougallittell.com 
for extra examples. 


T EXAMPLE 3 | Solving a Quadratic Equation 


Solve x* — x — 3 = 0 by completing the square. 


Write original equation. 


Add 3 to each side. 
Add (-3)’ ort to each side 

2 4' * 
Write left side as perfect square. 


Find square root of each side. 


Add ito each side. 


SOLUTION 
x7 -x-3=0 
xe -—x= 
Ds =) 1 
x x+( z) ae 
(fn 
ae: 4 
2, 2 
2 2 
> The solutions are 5) E and 4 E 


If the leading coefficient of the quadratic is not 1, you should divide each side of 


the equation by this coefficient before completing the square. 


EXAMPLE 4 ] The Leading Coefficient is Not 1 


Solve 2x” — x — 2 = 0 by completing the square. 


SOLUTION 
2x? -x-2=0 
I? — % = 2 
va-te=1 
2_1 a 1 
x ax ( i) 1+ 46 
-4)=4 
aA 16 
4 4 
4 4 
> The solutions are ME i 1.28 and 
i ce 
4 q 0.78. 


WA CHECK The graph generated by a graphing 
calculator appears to confirm the solutions. 


Write original equation. 


Add 2 to each side. 


Divide each side by 2. 

1\2 1 
Add (-2) , OF 76, to each side. 
Write left side as perfect square. 


Find square root of each side. 


Add ito each side. 


X=1.2765957 Y=0 


12.4 Completing the Square 


. Check these in the original equation. 


GVO cuoosine a SoLution METHOD 


There are many connections among the five methods for solving a quadratic 
equation. For instance, in Example 4 you used completing the square to solve the 
equation, and you used a graphing approach to confirm that the solutions are 
reasonable. 


In the following activity, you will use completing the square to develop the 
quadratic formula. 


© ACTIVITY 


PAU ccccscceeseaceeszcassenscenecssestessnnnenncessansaesantnnnanacsssons 
Cpa Investigating the Quadratic Formula 


Consider a general quadratic equation 
ax? + bx +c=0 wherea # 0. 


Perform the following steps. Then describe how your result is related to the 
quadratic formula. 


Subtract c from each side of the equation ax” + bx + c = 0. 

Divide each side by a. 

Add the square of half the coefficient of x to each side. 

Write the left side as a perfect square. 

Use a common denominator to express the right side as a single faction. 
Find the square root of each side. Include = on the right side. 

Solve for x by subtracting the same term from each side. 


©8O0000080 


Use a common denominator to express the right side as a single fraction. 


You have learned the following five methods for solving quadratic equations. The 
table will help you choose which method to use to solve an equation. 


METHODS FOR SOLVING ax? + bx + c=0 


Comments 
FINDING SQUARE ROOTS Efficient way to solve ax? + c= 0. 


GRAPHING 9.4 Can be used for any quadratic equation. May give only 
approximate solutions. 


USING THE QUADRATIC 9.5 Can be used for any quadratic equation. Always gives 
FORMULA exact solutions to the equation. 


FACTORING 10.5-10.8 — Efficient way to solve a quadratic equation if the quadratic 
expression can be factored easily. 


COMPLETING THE SQUARE 12.4 Can be used for any quadratic equation but is simplest to 
apply when a = 1 and bis an even number. 
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FOCUS ON 
APPLICATIONS 


ay VETTISFOSS 


FALLS is Norway's 
second-highest waterfall. 
There are many waterfalls in 
Norway. In fact, Norway 
generates more 
hydroelectric power per 
person than any other 
country. 


TEXAMPLE 5] Choosing a Solution Method 


Choose a method to solve the quadratic equation. Explain your choice. 


a. 3x7 — 15 =0 b. 2x7 + 3x-—4=0 


SOLUTION 


a. Because this quadratic equation has the form ax” + c = 0, it is most 
efficiently solved by finding square roots. 


3x7 — 15 =0 Write original equation. 
3x7 = 15 Add 15 to each side. 
= Divide each side by 3. 


reas Find square roots. 
> The solutions are V5 and —V5. 


b. » Because this quadratic equation is not easily 
factored, you can use a graphing calculator to 
approximate the solutions. to 
estimate the x-intercepts. The approximate 
solutions are —2.3 and 0.9. 


WA CHECK Using the quadratic formula, the 
exact solutions are 


—3+V4l | -3-V4l 
4 and ~~ 


GIVWED Choosing the Quadratic Formula 


VETTISFOSS FALLS The Vettisfoss waterfall falls over a vertical cliff. The path of 
the water can be modeled by h = —6.03x* + 901 where / is the height (in feet) 
above the lower river and x is the horizontal distance (in feet) from the base of the 
cliff. How far from the base of the cliff does the water hit the lower river? 


SOLUTION 


When the falling water hits the lower river, h = 0. The quadratic equation 
0 = —6.03x? + 901 cannot be factored easily and cannot be solved easily by 
completing the square. The quadratic formula is a good choice. 


—b + VB? — 4ac 


x= 2a Write quadratic formula. 
+ V0 — 46.03)901. 
x= be ea Substitute values for a, b, and c. 
= 12.3 or —12.3 Use a calculator. 


> Distance must be positive, so the negative solution is extraneous. The water 
hits the lower river about 12.3 feet from the base of the cliff. Check this 
solution in the original equation. 


12.4 Completing the Square 


GUIDED PRACTICE 


PPPS SCO S LOOSE EEEEEHE TEE E OEE EEEEEEO ETE E ESOT EE SEES EEOC EOE EEO EEES EEOC ESOT EO SEESETEE ESET EESEHTE TEE ESEESELESEOSELEE SOON 


Vocabulary Check J 1. The leading coefficient of the polynomial 3x” — 8x + 4 is 2. 


Concept Check J 2. Explain why completing the square of the expression x° + bx is easier to do 
when b is an even number. 


Skill Check / Find the term that should be added to the expression to create a perfect 
square trinomial. 


3. x2 + 20x 4. x2 + 50x 5. x2 — 10x 
6. x7 — 14x 7. x2 — 22x 8. x7 + 100x 


9. Solve x” — 3x = 8 by completing the square. Solve the equation by using the 
quadratic formula. Which method did you find easier? 


Solve by completing the square. 
10. x7 — 2x — 18 =0 11.x7 + 14x + 13 =0 
12. 3x7 + 4x -1=0 13. 3x7 — 7x + 6=0 


Choose a method to solve the quadratic equation. What method did you 
use? Explain your choice. 


14.x°—x-2=0 15. 3x7 +17x+10=0 16.x7-9=0 
17. —3x7+5x+5=0 18.x7+2x-14=0 19. 3x7 -2=0 


PRACTICE anp APPLICATIONS 


COCO H EEE EEE E ESHEETS EEE EEE EE EEEE EEE EEE EE EE EEE ESET EEE SEES EEE EEE EE EEE EEE EEE ESE EES EE EEE EESEEEEESEEESEEEEEEE EEE SESE SEEEEEEE 


PERFECT SQUARE TRINOMIALS Find the term that should be added to the 
Extra Practice expression to create a perfect square trinomial. 
to help you master 20. x* — 12x 21. x* + 8x 22. x* + 21x 
skills is on p. 808. 

23. x” — 22x 24. x7 + 11x 25. x” — 40x 

26. x? + 0.4x 27. x7 + Sx 28. x? + ex 

29. x* — 5.2x 30. x2 — 0.3x 31. x2 + ox 


COMPLETING THE SQUARE Solve the equation by completing the square. 


32. x” + 10x = 39 33. x7 + 16x = 17 34. x” — 24x = —44 
2 _ 2 ll _ 2 21 _ 
Apeernororens 35. x7 — 8x + 12=0 36.45 +:Sx— = 0 Sa tie 0 
HOMEWORK HELP 2 2) 2 3 2 

Example 1: Exs. 20-31 38. x —3x—3=0 39. x +sx-1=0 40.x°+x—-1=0 
Example 2: Exs. 32-40 
Example 3: Exs. 35-40 41.447 + 4,-11=0 42.3x7-24r-1=0 43. 4x7- 40x -7=0 
Example 4: Exs. 41-49 
Example 5: Exs. 50-67 44. 2x7 — 8x - 13 =7 45. 5x7 —20x-20=5 46.3x7+4x+4=3 


Example 6: Ex. 71 
47. 4x2 + 6x —6=2 48. 6x7 + 24x -—41=0 49. 20x” — 120x — 109 = 0 
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FOCUS ON 
APPLICATIONS 


y PENGUINS dive to 


capture food. Adelie 
penguins can stay under- 
water for seven minutes. 
ANE) 
in APPLICATION LINK 
www.mcdougallittell.com 


CHOOSING A METHOD Choose a method to solve the quadratic equation. 
Explain your choice. 


50. x7 — 5x -—1=0 51. 4x7 — 12 =0 52. n? + 5n— 24=0 
53. 9a* — 25 = 0 54. x7 —x — 20=0 55. x* + 6x — 55 =0 
SOLVING EQUATIONS Solve the quadratic equation. 

56. x7 — 10x = 0 57. c? + 2c — 26 =0 58. 8x2 + 14x = —5 
59. x2 — 16 =0 60. x2 + 12x + 20 =0 61. x? — 4x = 3 

62. 4x7 + 4x +1=0 63. 13x? — 26x = 0 64. 4p? — 129 + 5 =0 
65. 72° — 467 = 21 66. 11x? — 22 =0 67. x7 + 20x + 10=0 


(c}={0)//|11;)'9 CONNECTION In Exercises 68-70, make a sketch and write a 
quadratic equation to model the situation. Then solve the equation. 


68. In art class you are designing the floor plan of a house. The kitchen is 
supposed to have 150 square feet of space. What should the dimensions 
of the kitchen be if you want it to be square? 


69. A rectangle is 2x feet long and x + 5 feet wide. The area is 600 square feet. 
What are the dimensions of the rectangle? 


70. The height of a triangle is 4 more than twice its base. The area of the triangle 
is 60 square centimeters. What are the dimensions of the triangle? 


71. & DIVING The path of a diver 
diving from a 10-foot high diving 


board is 

h = —0.44x* + 2.61x + 10 | 
where / is the height of the diver above 
water (in feet) and x is the horizontal 10 ft 


distance (in feet) from the end of the 
board. How far from the end of the board 
will the diver enter the water? 


[1 


®) PENGUINS In Exercises 72 and 73, use the following information. 
You are on a research boat in the ocean. You see a penguin jump out of the water. 
The path followed by the penguin is given by 


h = —0.05x? + 1.178x 


where / is the height (in feet) the 
penguin jumps out of the water and 
x is the horizontal distance (in feet) 
traveled by the penguin over 

the water. 


72. Sketch a graph of the equation. 


73. How many horizontal feet did 
the penguin travel over the water 
before reaching its maximum height? 


12.4 Completing the Square 


OcD9 
Test 6S) 74. MIULTIPLE CHOICE Which of the following is a solution of the equation 
Preparation 2° + 8825 = 52 
@AVI7+1 W-VII-2 OGVvi7-2 @® V21 -2 
75. MIULTIPLE CHOICE What term should you add to x ax so that the result 
is a perfect square trinomial? 
1 1 1 1 
QDs a © 16 DM 35 
76, MULTIPLE CHOICE Solve x* + 8x — 2 = 0. 
B@ -443V2 @4+3V2 ©-442V2 @W4+Vi6 


* Challenge VERTEX FORM The vertex form of a quadratic function is y = a(x — h)? + k. 
Its graph is a parabola with vertex at (h, k). In Exercises 77-79, use 
completing the square to write the quadratic function in vertex form. 

Then give the coordinates of the vertex of the graph of the function. 


71.y=x?+10x+25 78y=2x7+12x+13 79.y=-x?-—5x+6 


80. QUADRATIC FORMULA Explain why the quadratic formula gives solutions 
www.mcedougallittell.com only if a # 0 and b* — 4ac = 0. 


MIxeD REVIEW 


MEASURES OF CENTRAL TENDENCY Find the mean, the median, and the 
mode of the collection of numbers. (Review 6.6) 


81. 1,5, 2, 4, 3, 6, 1 82. 9, 6, 10, 14, 10, 3 
83. —6, 20, —8, —18, 10 84. 17,9, 11, 15, 4, 15, 8, 3, 11 


SOLVING LINEAR SYSTEMS Solve the linear system. (Review 7.2, 7.3) 


85. y = 4x 86. 3x + y= 12 87.2x-—y=8 
xt+y=10 9x — y = 36 2x + 2y=2 

SOLVING EQUATIONS Solve the equation. (Review 9.1, 9.2 for 12.5) 

88. 16 + x7 = 64 89. x7 + 81 = 144 90. x7 + 25 = 81 

91. 4x2 — 144 = 0 92. x7 — 30 = -3 93.1.7 => 


SKETCHING GRAPHS Sketch the graph of the function. (Review 9.3) 
94.y=x7+x+2 95. y = —3x7 -x-4 96. y = 2x7 —3x+4 
SOLVING EQUATIONS Solve the equation. (Review 10.4) 

97. (x + 4)(x — 8) = 0 98. (x — 3)(x — 2) =0 99. (x + 5)(x + 6) = 0 


100. (x + 4)? =0 101. (x — 3)? =0 102. 6(x — 14)? =0 
FACTORING TRINOMIALS Factor the trinomial if possible. (Review 10.5, 10.6) 
103. x7 + x — 20 104. x7 — 10x + 24 105.x7 + 2x +4 
106. 3x” — 15x + 18 107. 2x7 — x — 3 108. 14x7 — 19x — 3 
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© ACTIVITY 12.5 


Developing Concepts 


GROUP ACTIVITY 
Work in a small group. 


MATERIALS 
¢ ruler 

* scissors 

¢ glue or tape 


Group Activity for use with Lesson 12.5 


Investigating the Pythagorean Theorem 


> QUESTION Is the Pythagorean theorem true only for right triangles? 
> EXPLORING THE CONCEPT 


For the right triangle shown, a, b, and c are the 
lengths of the sides of the triangle. The Pythagorean 
a 


theorem states that a2 + b* = c?. 


1) Copy the triangle on a piece of paper. Draw a 2) Cut and rearrange the areas that represent the 
square on each of the triangle’s three sides. Label squares of a and b to see if they fit exactly into 
the areas a’, b*, and c. Then cut out the squares. the area that represents the square of c. 
ee 


b2 


> DRAWING CONCLUSIONS 


1. Each group member should copy a different one of the triangles below. Then 
draw the areas that represent the squares of the sides. Cut and rearrange them 
to see how the larger area relates to the sum of the two smaller areas. 


Obtuse triangle Acute triangle 
c 
a be a Z 
a 
b 


2. Draw any triangle and follow the directions of Exercise 1. 


In Exercises 3-5, a, b, and care the lengths of the sides of a triangle, and 
cis the greatest length. Use the results of your investigations with 
triangles to complete the statement with >, <, or =. 


3. In an obtuse triangle, a” + b? _?_ c’. 


4. In aright triangle, a* + b? 2 c’. 


5. In an acute triangle, a” + b* 2c’. 


12.5 Concept Activity 


What. you should learn 
Use the Pythag- 


orean theorem and its 
converse. 


Use the Pythag- 


orean theorem and its 
converse in real-life problems 
such as finding distance ona 
baseball field in Example 4. 


Why you should learn it 


V To solve real-life problems 
such as installing guy wires 


The Pythagorean Theorem 
and Its Converse 


GQ usine tHe THEOREM AND ITs CONVERSE 


A theorem is a statement that can be proven to be true. The activity on page 737 
uses area to explore the Pythagorean theorem, but does not prove the theorem. 


ythagorean theorems states a relationship among the sides of a right 
angle The hypotenuse is the side opposite the right angle. The other two 
sides are the legs. The theorem is named after the Greek mathematician 
Pythagoras. However, there are records that suggest earlier use of the basic 
principle in northern Africa, in Babylonia, and in India. 


THE PYTHAGOREAN THEOREM 


If a triangle is a right triangle, then the sum of __ leg 


the squares of the lengths of the legs a and b a hypotenuse 


equals the square of the length of the 
hypotenuse c. leg 


ae bP =e 


PEXAMPLE 1 | Using the Pythagorean Theorem 


a. Given a = 6and b = 8, find c. 


at+h=c 

+8 =c / 
100: =< 

b=8 
V100 =c 
10=c 
b. Given a = 5 andc = 6, find b. 

at+h=c’ 

eS +P =6 ‘ a 
bP=62-52 

a=5 

a 


= V11, or about 3.32 
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P EXAMPLE 2] Using the Pythagorean Theorem 


A right triangle has one leg that is 3 inches longer than the other leg. The 
hypotenuse is 15 inches. Find the missing lengths. 


SOLUTION 

DRAW A DIAGRAM Sketch a right triangle and label the sides. 15 
Let x be the length of the shorter leg. Use the Pythagorean 

theorem to solve for x. a 


a + b* = c Write Pythagorean theorem. 
xe + (x + 3)? = 15" Substitute for a, b, and c. 
x? +x? + 6x + 9 = 225 Simplify. 


2x? + 6x — 216 =0 Write in standard form. 
2(x — 9)(x + 12) =0 Factor. 
x=9orx = —12 Zero-product property 


> Length is positive. The sides have lengths 9 inches and 9 + 3 = 12 inches. 


LOGICAL REASONING In mathematics an if-then statement is a statement of the 
took Back form “If p, then qg,” where p is the hypothesis and q is the conclusion. 
For help with if-then The converse of the statement “If p, then qg” is the related statement “If q, then 


Sietemenie, Seen p,’ in which the hypothesis and conclusion are interchanged. The converse of a 


true statement may be false. However, the converse of the Pythagorean theorem is 
true. 


CONVERSE OF THE PYTHAGOREAN THEOREM 


If a triangle has side lengths a, b, and c such that a* + b* = c?, then the 
triangle is a right triangle. 


EXAMPLE 3 ] Determining Right Triangles 


Determine whether the given lengths are sides of a right triangle. 


a. 11.9, 12.0, 16.9 b. 5, 11, 12 


SOLUTION Use the converse of the Pythagorean theorem. 


| Study Tip a. The lengths are sides of a right triangle because 


In a right triangle the 11.9? + 12.07 = 141.61 + 144 = 285.61 = 16.9”. 
hypotenuse is always 


the longest side. b. The lengths are not sides of a right triangle because 


5? 11? = O54 121 = 146 + 12". 


12.5 The Pythagorean Theorem and Its Converse 


PGOAL 2) USING THE PYTHAGOREAN THEOREM IN REAL LIFE 


Pi Lin. GEE) Using the Pythagorean Theorem 
ys 


The length of each side of a baseball diamond 2ndbase a=90ft  Istbase 
is 90 feet. What is the distance from home plate . 
to second base? 


SOLUTION b= 90ft 


The diagonal from home plate to second base 
is the hypotenuse c of a right triangle. The length 


of each leg is 90 feet. 3rd — Hone plate 
C=a +b? Write Pythagorean theorem. 
c* = 90? + 907 Substitute 90 for a and for b. 
c? = 8100 + 8100 Multiply. 
c? = 16,200 Add. 
C= V16,200 Find positive square root of each side. 
c = 90V2 Simplify. 
c = 12733 Use a calculator. 


> The distance from home plate to second base is about 127.3 feet. 


GZS Using the Pythagorean Converse 


You can take a rope and tie 12 equally 

spaced knots in it. You can then use the 

rope to check that a corner is a right 3 
angle. Why does this method work? 


SOLUTION 


You can use the rope to form a triangle 
with a hypotenuse length of 5 and leg 
lengths of 3 and 4. Use the converse 
of the Pythagorean theorem to check. 


S02 3F hd? 
2529+ 16 


25 =25o 


> Because you can use the knots to form the sides of a right triangle, one angle 
of the triangle must measure 90°. So you can check with the rope that a corner 
is aright angle. 
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GUIDED PRACTICE 


POOP E SEES T EEE HEE EEE EOEHE EEE E HEHE EE EEES ETS E ESOS EO SOESE TOE ESOTO EE OEEESTETEE ESOT EEOSEETE TEE ESOL EEEEHDELEEESOLOEEESEOES 


Vocabulary Check J 1. The two sides of a right triangle that are not the hypotenuse are the _? . 


2. State the hypothesis and the conclusion of the statement “If x is an even 
number, then x? is an even number.” 


Concept Check J 3. Explain how you can use the converse of the Pythagorean theorem to tell 
whether three given lengths can be sides of a right triangle. 


Skill Check / Find the missing length of the right triangle if a and b are the lengths of 
the legs and c is the length of the hypotenuse. 


4,.a=7,b = 24 5.a=5,c= 13 6.b= 15,c = 17 
7.a=9,c=41 8. b= 11,c = 61 9.a= 12,b=35 
Find each missing length. 


10. 11. 
c= 20 a=12 


*< 
= 
i—] 


COCO O EHH EEE REET EEE O HEE E EEE EEE EEE SHEET E HESS EEE EEE EEE TEESE EEO HESS EEE EEEE EEE TEESE EEE EEE EE EEEE EEE TEESE EEEOEEEE EEE EEEE EEE EEEE 


USING THE PYTHAGOREAN THEOREM Find the missing length of the 
Extra Practice right triangle if a and b are the lengths of the legs and c is the length 
to help you master of the hypotenuse. 


MISSING LENGTH Find each missing length. 


skills is on p. 808. 13.a=3,b=4 14.a=5,c= 10 15.b=3,c=7 


16. a = 10, b = 24 17.b=9,c = 16 18.a = 14,c = 21 
21. x+5 
ES SI} 
2V17 
\ ee) N ff ieee 
2x-1 


ih HOMEWORK HELP DETERMINING RIGHT TRIANGLES Determine whether the given lengths 


Example 1: Exs. 13-18 are sides of a right triangle. Explain your reasoning. 
Example 2: Exs. 19-24 


Example 3: Exs. 25-33 25. 26. 27. 10 
Example 4: Exs. 39, 12 9 6 11 
41-44 
8 
Example 5: Ex. 40 7 
15 9 


12.5 The Pythagorean Theorem and Its Converse 


DETERMINING RIGHT TRIANGLES Determine whether the given lengths 
are sides of a right triangle. Explain your reasoning. 


28. 2, 10, 11 29. 15, 20, 25 30. 5, 12, 13 
31. 11, 60, 61 32. 7, 24, 26 33. 9.9, 2, 10.1 


IF-THEN STATEMENTS In Exercises 34-38, state the hypothesis and the 
conclusion of the statement. 


34. If today is Tuesday, then yesterday was Monday. 


35. If a polygon is a square, then it is a parallelogram. 
36. If = —15, then x = —45. 


37. If the area of a square is 25 square feet, then the length of a side is 5 feet. 


38. If a triangle has sides that are 8 inches and 9 inches long, then the length of 
the third side is greater than | inch and less than 17 inches. 


39. 4 DIAGONAL OF A FIELD A field hockey field is a rectangle 60 yards by 
100 yards. What is the length of the diagonal from one corner of the field to 
the opposite corner? 


40. Writing You have a rope with 30 equally spaced knots in it. How can you 
use the rope to check that a corner is a right angle? 


41. & SURVEYING LAND You are 
surveying a triangular-shaped piece of 
land. You have measured and recorded 
two lengths on a plot plan. What is the 
length of the property along the street? 
Round your answer to the nearest 
hundredth. 


‘4 DESIGNING A STAIRCASE In ee 
Exercises 42 and 43, you are building 
the staircase shown at the right. 


42. Find the distance d between the edges 
of each step. 


+—7-inch riser 

43. The staircase will also have a handrail 
that is as long as the distance between 
the edge of the first step and the edge 
of the top step. How long is the 
handrail? 


12-inch tread 


44, % PLANTING A NEW TREE You have just planted a 
new tree. To support the tree in bad weather, you attach 
guy wires from the trunk of the tree to stakes in the 
ground. You cut 30 feet of wire into four equal lengths to 
make the guy wires. You attach four guy wires, evenly 
spaced around the tree. You put the stakes in the ground 
five feet from the base of the trunk. Approximately how 
far up the trunk should you attach the guy wires? 


guy wire 
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Odds 
Test = 45. MIULTI-STEP PROBLEM Amalia and Cindy leave from the same point at the 
Prep aration same time. Cindy bicycles east at a rate that is 2 miles per hour faster than 
Amalia, who bicycles south. After one hour they are 10 miles apart. 


a. Let r represent Amalia’s rate in miles per hour. Write an expression for the 
distance each girl has traveled in one hour. 


b. Draw and label a diagram of the situation. 
c. Use the Pythagorean theorem to find how fast each person is traveling. 


d. Writing Which method did you use to solve the quadratic equation? 
Give a reason for your choice. 


* Challenge In Exercises 46-48, use the fact that a Pythagorean triple is a group of 
three integers, such as 3, 4, and 5, that could be the lengths of the sides of 
a right triangle. 


46. Find two other Pythagorean triples that are not multiples of 3, 4, 5 or of each 
other. 


47. Notice that 3 »4*5 = 60. Is the product of the three numbers in each 
Pythagorean triple evenly divisible by 3? by 4? by 5? 


48. Do your observations in Exercise 47 suggest a statement about Pythagorean 
www.mcdougallittell.com triples that might be true? Explain. 


MIxeD REVIEW 


PLOTTING ORDERED PAIRS Plot the ordered pairs in a coordinate plane. 


(Review 4.1 for 12.6) 

49. (2,5), (0; =1), G; 1) 50. (2, —5), (2, 4), (-3, 0) 

51.61, =—2),(-4.5),6.2) 5214) (2, =), 3. -)) 

53. (2,3); (—2, 3), 4; —2) 54. (1, 3), (—3, 1), (3, —4) 

FINDING INTERCEPTS Find the x-intercepts of the graph of the equation. 
(Review 9.5) 

5B. y=x° + 2x + 15 56. y=x° + 8x4 12 57. y=x°+x-10 
58. y = x7 8x + 16 59. y = x" 3x +1 60. y= x? — 8x-11 
61. y =x? + 8x — 10 62. y = 3x7 + 20x+ 1 63. y= -x7 + 4x+1 
FACTORING SPECIAL PRODUCTS Factor the expression. (Review 10.7) 

64. x” — 64 65. 16x? — 25 66. x7 + 18x + 81 

67. 7x? — 28x + 28 68. 45x” — 60x + 20 69. —48x* + 216x — 243 


70. GEOMETRIC NMIEAN The geometric mean of 16 and a is 32. What is the value 
of a? (Review 12.3) 


71. % POSTAGE STAMPS In 1960, a first-class United States postage stamp 
cost $.04. In 1999, a first-class United States postage stamp cost $.33. Write 
a compound inequality that represents the different prices that a postage 
stamp could have cost between 1960 and 1999. (Review 6.3) 


12.5 The Pythagorean Theorem and Its Converse 


Quiz 2 Self-Test for Lessons 12.4 and 12.5 


Solve the equation by completing the square. (Lesson 12.4) 
1. 2x7 —6x —15=5 2. 4x* + 4x -9 =0 3.07 +2x=2 
Tell whether the given lengths are sides of a right triangle. (Lesson 12.5) 
4.6,7,8 5. 9, 40, 41 6. 12, 35, 37 


Find the missing length of the right triangle if a and b are the lengths of the 
legs and cis the length of the hypotenuse. (Lesson 12.5) 


7.a=5,b=12 8.a=11l,c=61 9. b = 63,c = 65 
10. &% DEPTH OF A SUBMARINE 
The sonar of a Navy cruiser ’ 41500 ft 


detects a submarine that is 
2500 feet away. The point on 
the water directly above the 
submarine is 1500 feet away 
from the front of the cruiser. Watdravin te Seale 
What is the depth of the 
submarine? (Lesson 12.5) 


“na Q ” ; és APPLICATION LINK — 
stor y History of Pythagorean Theorem www.mcdougallittell.com 


THEN THE ANCIENT BABYLONIAN TABLET below suggests that the i i ere 
Babylonians were aware of the theorem now known as the 4 ed ¥P 


Pythagorean theorem as early as 1650 B.C. 


1. The table gives two of three numbers found on the tablet 
that could be sides of a right triangle. Find the length of 
the other leg. 


TODAY architects often use right triangles, whose sides 
show the relationships stated in the Pythagorean theorem. 


Pythagoras \ 
discovers his 
theorem. 


Babylonian tablet lists 
Pythagorean triples. 


The National Aquarium in Baltimore, -------' 
Maryland, was designed using right triangles. 
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What. you should learn 
Find the distance 


between two points in a 
coordinate plane. 


Find the midpoint 


between two points in a 
coordinate plane. 


Why you should learn it 


Y To find distances in 
real-life situations, such as 
the length of a soccer kick 


in Example 3. Ji Lie, 


The Distance and Midpoint 
Formulas 


PGOAL 1) FINDING THE DISTANCE BETWEEN TWO POINTS 


RRR RRR E RE REE EE EE EERE EEE EEE EEE EEE EEE EE EEE EEE REE EEE E EEE EEE EEE EEE EE EERE EEE EEE HEHEHE EEE EEEES 


© ACTIVITY 


Developing een es : 
ercuces Investigating Distance 


Plot A(2, 1) and B(6, 4) on graph paper. Then draw a right triangle that 
has AB as its hypotenuse. 


Label the coordinates of the vertex C. 
Find the lengths of the legs of AABC. 
Use the Pythagorean theorem to find AB. 


©o00 oO 


Check the distance by actual measurement. 


The steps used in the investigation can be used to y 
develop a general formula for the distance between 

two points A(x, y,) and B(x, yz). Using the 
Pythagorean theorem, you can write the equation Yo-N 


d? = (x) — xy)? + (yg — y)”. Alm. yi) 


Solving this equation for d produces the 
distance formula. 


B(x, yo) 


2 - m& C(x, y) 


THE DISTANCE FORMULA 


The distance d between the points (x,, y;) and (%, yz) is 


d = V(xX_ — x1)? + (y2 — ys)?. 


PEXAMPLE 1 |) Finding the Distance Between Two Points 


Find the distance between (1, 4) and (—2, 3). 


SOLUTION To find the distance, use the distance formula. 


d= V(x, —- ag + (fg. = Ae Write distance formula. 
= V(-2 - 1)? + 8-4)? Substitute. 


= V10 Simplify. 
= 3.16 Use a calculator. 


12.6 The Distance and Midpoint Formulas 


T EXAMPLE 2 } Checking a Right Triangle 


Decide whether the points (3, 2), (2, 0), and (—1, 4) are vertices of a right 
triangle. 


SOLUTION 


Use the distance formula to find the lengths of the 
three sides. 


d, = VQ—-2)+2-0% =VI+4 =V5 
d, = V3 — (- DFP + (2-4)? =Vi6 +4 = V20 
d; = Vi2- (DP + 0 — 4)? = V9 + 16 = V25 


Next find the sum of the squares of the lengths of the two 
shorter sides. 


d?+d’= (v5) + (V20 - Substitute for d, and db. 
=5+ 20 Simplify. 


= 25 Add. 
The sum of the squares of the lengths of the shorter sides is 25, which is equal to 
the square of the length of the longest side, (V25 ) : 
> The given points are vertices of a right triangle. 
When you want to use the distance formula to find a distance in a real-life 


problem, the first step is to draw a diagram and assign coordinates to the points. 
This process is called superimposing a coordinate system on the diagram. 


1g GLEE) Applying the Distance Formula 
ccer 


A player kicks a soccer ball from a position that is 10 yards from a sideline and 
5 yards from a goal line. The ball lands at a position that is 45 yards from the 
same goal line and 40 yards from the same sideline. How far was the ball kicked? 


SOLUTION 

You can begin by superimposing a 
coordinate system on the soccer field. 
The ball is kicked from the point (10, 5). 


It lands at the point (40, 45). Use the 
distance formula. 


d = V(40 — 10)? + (45 — 5)? 
= V900 + 1600 
= V2500 
= 5() 0 10 . 20 30 40 Goal line 


> The ball was kicked 50 yards. 
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PGOAL 2) FINDING THE MIDPOINT BETWEEN TWO POINTS 


SORE EERE EEE EERE EEE EEE EEE EEE E HEHEHE EEE EEE EE EEE EEE EEE HEHE EEE EEE EE EEE EEEEE HEE EEE EEEE EEE HEHEHE REED 


The midpoint of a line segment is the point on the segment that is equidistant 
from its end-points. The midpoint between two points is the midpoint of the line 
segment connecting them. 


THE MIDPOINT FORMULA 


Xt xX Wit Ya) 
2: : 


The midpoint between (x;,, y;) and (x9, yo) is ( 5 


EXAMPLE 4 ] Finding the Midpoint Between Two Points 


Find the midpoint between (—2, 3) and (4, 2). Use a graph to check the result. 


SOLUTION 
(44 342) - (3 3) = (1 3) 
2 % 9 Va) °2 


> The midpoint is (1, 3), 


WA CHECK From the graph, you can see that the 


point a 3) appears halfway between (—2, 3) 


and (4, 2). You can also use the distance formula 
to check that the distances from the midpoint to 
each given point are equal. 


TEXAMPLE 5 | Applying the Midpoint Formula 


You are using computer software to design a video game. You want to place a 
buried treasure chest halfway between the center of the base of a palm tree and 
the corner of a large boulder. Find where you should place the treasure chest. 


SOLUTION 


Begin by assigning coordinates to the locations 
of the two landmarks. The center of the base of 
the palm tree is at (200, 75). The corner of the 
boulder is at (25, 175). Then use the midpoint 
formula to find the point that is halfway 
between the two landmarks. 


25 + 200 175 + B) ~ (2 -o 
2° 2 2° 2 


= (112.5, 125) 


> You should place the treasure chest at (112.5, 125). 


12.6 The Distance and Midpoint Formulas 


GUIDED PRACTICE 


Vocabulary Check J 1. What is meant by the midpoint between two points? 


Concept Check J 2. Explain how you can use the Pythagorean theorem to find the distance 
between any two points in a coordinate plane. 


Skill Check / Use the coordinate plane to estimate the distance between the two points. 
Then use the distance formula to find the distance between the points. 
Round the result to the nearest hundredth. 


3.(1,.5);(—3, 1) 4. (—3, —2), (4, 1) 5. (5, —2), (-1, 1) 


Decide whether the points are vertices of a right triangle. 
6. (0, 0), (20, 0), (20, 21) 7. (4, 0), (4, —4), (10, —4) 
8. (—2, 0), (-1, 0), (, 7) 9, 0,0), 22) 3, 3) 
Find the midpoint between the two points. 
10. (4, 4), (1, 2) 11. (6, 2), 2, —3) 12.5, 3)(-3, =3) 


13. % SOCCER Suppose the soccer ball in Example 3 lands in a position that is 
25 yards from the same goal line and 25 yards from the same sideline. How 
far was the ball kicked? 


PRACTICE anp APPLICATIONS 


FINDING DISTANCE Find the distance between the two points. Round the 
Extra Practice result to the nearest hundredth if necessary. 
to help you master 14. (2, 0), (8, —3) 15. (2, —8), (—3, 3) 16. (3, —1), (0, 3) 
skills is on p. 808 
17. (5, 8), (—2, 3) 18. (—3, 1), (2, 6) 19. (—6, —2), (—3, —5) 
20. (4, 5), (—1, 3) 21. (—6, 1), (3, 1) 22. (—2, —1), (3, —3) 
ae dd 11) (28 
23. (3.5, 6), (-3.5,-2) 24. & i) (2, 1) 25. & 5) ( z, 3 
RIGHT TRIANGLES Graph the points. Decide whether they are vertices of 
— Z a right triangle. 
HOMEWORK HELP 
Example 1: Exs. 14-25 26. (4, 0), i, 1), (+1 =a) 27. (5, 4), (2, 1), (3, 2) 
Example 2: Exs. 26-33 
Examuple 3: Exs. 46-53 28.:(1,,=5); 2:3), (3,4) 29.41, 10,4-3,3),4-7,-1) 
Example 4: Exs. 34-45 = a = = 
Example 5: Exs. 54, 55 30: (—3,.2),; (—3,5),.(,2) 31. (3, —1), (2, 4), (-3, 0) 
32. (=2. 2), (3 4), (4, 2) 33. (0, 4), (4, 1), (4, 4) 
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FOCUS ON 
CAREERS 


ay CARTOGRAPHER 


Cartographers 
prepare maps using 
information from surveys, 
aerial photographs, and 
ot data. 


CAREER LINK 
Pca eeiean 


FINDING THE MIDPOINT Find the midpoint between the two points. 


34. (3, 0), (-5, 4) 35. (0, 0), (0, 8) 36. (1, 2), (5, 4) 

37. (—1, 2), (7, 4) 3801-3, 5). (2-2) 39. (2, 7), (4, 3) 

40. (—1, 1), (-4, —4) 41. (—4, . (1, =5) 42. (5, 1), (1, —5) 

43. (0, —3), (—4, 2) 44. (5, —5), (-5, 1) 45. (4, —3), (1, —5) 


% DISTANCES ON MAPS In 


Exercises 46-48, use the map. Each 


side of a square in the coordinate DAKOTE 
plane that is superimposed on the gran P= on 
map represents 95 miles. The points eyenn IEBRASKA ¢. 


represent city locations. 


46. Use the distance formula to 
estimate the distance between 
Pierre, South Dakota, and Santa 
Fe, New Mexico. 


47. Use the distance formula to 
estimate the distance between 
Wichita, Kansas, and Cheyenne, 
Wyoming. 


48. Use the distance formula to estimate the distance between Oklahoma City, 
Oklahoma, and Des Moines, Iowa. 


cc} ={0)//!11;)' CONNECTION In Exercises 49-53, use the diagram below. 


49. Copy the diagram of triangle ABC on graph paper. 


50. Find the length of each side of the triangle. 


51. Find the midpoint of each side of the triangle. 


52. Join the midpoints to form a new triangle. 
Find the length of each of its sides. 


53. Compare the perimeters of the two triangles. 


% HIKING TRIP In Exercises 54 and 55, use the following information. You 
and a friend go hiking. You hike 3 miles north and 2 miles west. Starting 
from the same point, your friend hikes 4 miles east and 1 mile south. 


54. How far apart are you and your friend? (Hint: Draw a diagram on a grid.) 


55. If you and your friend want to meet for lunch, where could you meet so that 
both of you hike the same distance? How far do you have to hike? 


(cio)! CONNECTION In Exercises 56-58, use the following information. 
A trapezoid is isosceles if its two opposite nonparallel sides have the 
same length. 


56. Draw the polygon whose vertices are A(1, 1), B(5, 9), C(2, 8), and D(0, 4). 


57. Show that the polygon is a trapezoid by showing that only two of the sides 
are parallel. 


58. Use the distance formula to show that the trapezoid is isosceles. 


12.6 The Distance and Midpoint Formulas 


OcDs 
Test 59. MULTIPLE CHOICE What is the distance between (—6, —2) and (2, 4)? 
Preparation @ ws 7 & 10 @ 28 


60. MULTIPLE CHOICE What is the midpoint between (—2, —3) and (1 5)? 


1 1 1 1 1 1 
@® (-1,-23) © (63-23) ©64-4) Ol-4) 
61. MULTIPLE CHOICE The vertices of a right triangle are (0, 0), (0, 6), and 
(6, 0). What is the length of the hypotenuse? 


@ 6 CB 6V2 & 36 @®) 72 


* Challenge ® TRIP PLANNING In Exercises 62-64, use the following information. You 
are planning a family vacation. Each side of a square in the coordinate 
plane that is superimposed on the map represents 50 miles. 


t Beach 
~ (450, 450)? 


aaa 


Park Ae Se = 


(100, 250) Campground 
(350, 200) 


62. How far is it from your home to the 500 
amusement park? 


63. You leave your home and go to the oe 


amusement park. After visiting the 
amusement park, you go to the beach. You 
return home. How far did you travel? 


64. During your vacation, you want to visit all of 
the sites on the map. There are two orders in 


which to visit the sites so that you travel the L 
www.mcdougallittell.com shortest distance. What are the two orders? 500 


MIxeD REVIEW 


POPPERS ESH OEE E SESH TEES EEE EES EEES EEE SESE ESTEE SEES EEE ESET SEES EEEEEEES EES ESSE ESE SEES EEEEEEEE SESE EEEEEEESESESEEEESESEEEEEEEES 


FACTORING Factor the expression completely. (Review 10.8) 
65. 3x? + 12x” — 15x 66, x* — 3x? — 25x? + 75 


CLASSIFYING EQUATIONS Does the equation model direct variation, 
inverse variation, or neither? (Review 11.3) 


67.x= + 68. y = 8x 69.y=9x+1 


DIVIDING POLYNOMIALS Divide. (Review 11.7) 
70. (6z + 10) + 2 71. (7x3 — 2x?) + 14x 


(0); CONNECTION In Exercises 72 and 73, the two triangles are similar. 
Write an equation and solve it to find the length of the side marked x. 
(Review 3.2 for 12.7) 


BAS ne 


30 in. 
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© ACTIVITY 12.7 Group Activity for use with Lesson 12.7 
MAooraenrsny Investigating Similar Triangles 


> QUESTION What relationships are there between the sides of similar 


GROUP ACTIVITY right triangles? 

Work in a small group. 

MATERIALS > EXPLORING THE CONCEPT 
* graph paper 

° ruler 1) Copy the three triangles 

* protractor onto a sheet of paper. 


They are similar 
because their 
corresponding angles 
are the same. 


@ Label the lengths of the 
sides of each triangle to 
the nearest half unit. Use 
a strip of graph paper to 
measure the length of the 
hypotenuse. 


Shorter leg Longer leg Shorter leg 
Hypotenuse Hypotenuse Longer leg 


> DRAWING CONCLUSIONS 


1. What do you notice about the ratios you found for all three similar triangles? 


2. Each person in the group should draw a different triangle that is similar to the 
triangles at the top of the page. Exchange triangles and use a protractor to 
check that the triangles are similar. 


3. For your triangle, predict what the following ratios will be. Then measure the 
sides and find each ratio to test your prediction. 


shorter leg longer leg shorter leg 
————— [(— CC. 
hypotenuse hypotenuse longer leg 


12.7 Concept Activity 


Trigonometric Ratios 


G2 usine triconomertric Ratios 


In the ancient Greek language, the word trigonometry means measurement of 
triangles. A tr is a ratio of the lengths of two sides of a right 
triangle. The three basic trigonometric ratios are § cosine, and ( 3 
You can abbreviate them as sin, cos, and tan. 


What you should learn 
GOAL 1) Use the sine, 


cosine, and tangent of an 
angle. 


GOAL 2) Use trigonometric 


ratios in real-life problems, 
such as finding cloud height 
in Ex. 20. 


Why you should learn it 


Y To solve real-life 
problems, such as finding the 
height of a parasailer in 


Example 3. 
See 
“s 4 


eget 


TRIGONOMETRIC RATIOS 


. _ sideopposite ZA _ a 
sin A= hypotenuse Cc 


hypotenuse side 


c . 
éos A= side adjacent to ZA mae a as 
= hypotenuse Cc 


side opposite ZA a b 


en AS side adjacentto ZA _b 


side adjacent to ZA 


Because all right triangles with a given measure for Z A are similar, the value of 
a trigonometric ratio depends only on the measure of ZA. It does not depend on 
the triangle’s size. 


T EXAMPLE 1 | Finding Trigonometric Ratios 


For ADEF, find the sine, the cosine, = _¢ 


and the tangent of the angle. 13 
5 
a. 2D 
b. ZE F 12 D 
SOLUTION 
a. For Z D, the opposite side is 5, b. For Z E, the opposite side is 12, 


and the adjacent side is 12. 
The hypotenuse is 13. 


; _ opposite = 5 
— hypotenuse 13 
_ adjacent — ‘12 
oo hypotenuse 13 
Be pe opposite _ Ss 


adjacent 12 
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and the adjacent side is 5. 
The hypotenuse is 13. 


opposite — 12 


hypotenuse 13 
_ adjacent =—s§ ‘5 

aS hypotenuse 13 

pa opposite 12 


adjacent 5 


SOLVING RIGHT TRIANGLES [If you know the measure of one angle and the 
Trig Table length of one side of a right triangle, then you can use trigonometric ratios and 


For a table of a calculator or a table to find the lengths of the other two sides. This is called 
trigonometric ratios, solving a right triangle. 
see p. 812. 


EXAMPLE 2 ] Solving a Right Triangle 


For APQR, p = 5 and the measure of Z P is 30°. Q 
a. Find the length q. L 5 
b. Find the length r. _ 

P q R 

SOLUTION 


a. You are given the side opposite Z P, and you need to find the length of the 
adjacent side. 


it 
tan P = opposite Definition of tangent 
adjacent 
tan 30° = : Substitute 5 for p and 30° for Z P. 
_ 5 
4 = tan 30° Solve for q. 

_ q= way Use a calculator or a table. 

Study Tip a ary 
When you use a calcula- q ~ 8.66 Simplity. 
tor to find trigonometric > The length q is about 8.66 units. 


ratios, be sure that the 


calculator is set in b. You are given the side opposite Z P and you need to find the length of the 


d e mode. 
egut re hypotenuse. 
: it 
sin P = ee Definition of sine 
hypotenuse 
sin 30° = 2 Substitute 5 for p and 30° for Z P. 

r= a Solve for r. 
sin 30° , 

r= __ Use a calculator or a table 
0.5 ; 

r= 10 Simplify. 


> The length r is 10 units. 


WA CHECK You can use the Pythagorean theorem to check that the results are 
reasonable. Because the value of g was rounded, the check will not be 


exact. 
pr “le g” = /* Pythagorean theorem 
5* + 8.667 2 107 Substitute for p, g, and r. 
99.996 =~ 100 Side lengths are approximately correct. 


12.7 Trigonometric Ratios 


PGOAL 2) USING TRIGONOMETRIC RATIOS IN REAL LIFE 


Le. Solving a Right Triangle 
iling A boat is pulling a parasailer. The line to the parasailer is 800 feet long. The 
angle between the line and the water is about 25°. 
a. How high is the parasailer? 


b. How far back is the parasailer from the boat? 


Not drawn to scale 


SOLUTION 
a. Find the length of the side opposite ZA. 


; it 
sin A = a Definition of sine 
ypotenuse 
sin 25° = = Substitute 800 for c and 25° for ZA. 
800 

800 * sin 25° =a Multiply each side by 800. 
0.4226(800) ~ a Use a calculator or a table. 

338.08 ~ a Simplify. 


> The parasailer is about 338 feet above the water. 


b. Find the length of the side adjacent to ZA. 


adjacent so : 
cos A = ———__ Definition of cosine 
hypotenuse 
cos 25° = ae Substitute 800 for c and 25° for ZA. 
800 
800 * cos 25° = b Multiply each side by 800. 
0.9063(800) ~ b Use a calculator or a table. 
725.04 ~b Simplify. 


> The parasailer is about 725 feet back from the boat. 
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GUIDED PRACTICE 


Vocabulary Check J 1. Define trigonometric ratio. 
Concept Check J 2. Is it true or false that for any right triangle with a 30° angle, sin 30° = 0.5? 


Explain. 
Skill Check / In Exercises 3-5, use AABC at the right. B 
3. Find the sine of ZA. 2 7 
4. Find the cosine of ZA. x 7 ‘ 


5. Find the tangent of ZA. 


Find the missing lengths of the sides of the triangle. Round to the nearest 
hundredth. Use the Pythagorean theorem to check the result. 


6. A 7. £E 49 F 8. J 
ae 
b c g 
e 
H 


617 Np 


9. % PARASAILING In Example 3, suppose the angle is 35°. How high is the 
parasailer? How far back is the parasailer? 


PRACTICE ano APPLICATIONS 


COCO E RETESET EEE EEE E EEE EE EEE EEE EEE EEE EEE REESE EEE EEE EEE EE EEE EEE ESSE EEE EEE EEE SE EEEE EEE SEES EEE EE ESSE EE EEEEEEEESEEEEE EEE OES 


_ ea FINDING TRIGONOMETRIC RATIOS Find the sine, the cosine, and the 
Extra Practice tangent of 2 Rand of 2S. 
to help you master 10. R 11. S$ 12. T 60 R 
skills is on p. 808. 13 | ee 
5 61 
5 3 S 
T 12 R 
S 4 T 


SOLVING RIGHT TRIANGLES Find the missing lengths of the sides of the 
triangle. Round your answers to the nearest hundredth. Use the Pythag- 


orean theorem to check. 


13. B 14. N5P 15. Y 
75° 24 
n x 
c 17 Pp 34° 
Z y xX 


[permenant 16. G 17. W 30 V 
HOMEWORK HELP 4 10 7° z 
Example 1: Exs. 10-12 g v Ww 
Example 2: Exs. 13-18 - 
Example 3: Exs. 19, 20 

U 


12.7 Trigonometric Ratios 


19. &% CRANE OPERATOR You are a crane operator using a crane with a 
210-foot boom. You lift a load so that the load is directly in front of you. You 
estimate that the angle between the boom and the line between you and the 
load is 35°. About how far are you from the load? 


Not drawn to scale 


20. &% CLOUD HEIGHT You are doing an experiment for your science class. 
You shine a spotlight from the ground straight up onto a cloud to measure 
the height of the cloud. Your friend stands 500 feet from the spotlight. She 
estimates that the angle formed between the ground and the line from her feet 
to the cloud is 25°. Draw a sketch to model the situation. Then find the height 
of the cloud. 


21. ‘% COLLINSVILLE CATSUP BOTTLE You are standing 197 feet from the 
base of the world’s largest catsup bottle located in Collinsville, Illinois. 
You estimate that the angle between your eye level and the line from your 
eyes to the top of the bottle is 40°. If you are 5 feet tall, about how high is 
the top of the bottle? 


22. “ DINOSAUR TRACKS You are a 
paleontologist. You are estimating the 
length of a dinosaur’s hind legs based 
on its track marks. You measure the 
pace length as three feet. The pace 
length represents the base of an 
isosceles triangle, where the equal 
sides are the dinosaur’s hind legs that 
enclose the walking angle. Assuming 
the walking angle is 40°, what is the 
length of the dinosaur’s hind legs? 
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Test €3> 


Preparation 


* Challenge 
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MIxeD REVIEW 


COCO E SHEESH HEHE EEE EE EEEEEES 


23. % VIEWING ANGLE A car is traveling on a level road toward a mountain 
two kilometers high. The angle of elevation from the car to the top of the 
mountain changes from 6° to 15°. How far has the car traveled? 


24. MULTI-STEP PROBLEM Use the triangle below. 
a. Find the length q. 
b. Describe two methods for finding the length r. 
c. Find the length r. 


d. Whiting Which method did you use in part (c)? R 
Tell why you chose that method. 


I] 
ow 
i=) 


EXTENSION: SLOPE AND ANGLE In Exercises 25 and 26, find the slope of 
the line that passes through the points. Explain how the slope of the line 
is related to ZA. 


25. 


27. LOGICAL REASONING A line with a positive slope passes through the origin, 
making a 60° angle with the positive x-axis. Write an equation of the line. 


CORO E EEE E EEE EE EEE EEE EEE EE EEE EEE EEEEE EEE EEE SESE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESS 


COUNTEREXAMPLES Decide whether the statement is true or false. If it is 
false, give a counterexample. (Review 2.1 for 12.8) 


28. The absolute value of a number is always positive. 


29. The opposite of a number is always positive. 


USING THE DISTRIBUTIVE PROPERTY Use the distributive property to 
simplify the expression. (Review 2.6 for 12.8) 


30. 6(w — 3) 31. —p(p + 1) 32. —(x — 8) 
33. (x + 3)x 34. (x — 2)5x 35. (4 + x)(—6x) 


SUBTRACTING VERTICALLY Use a vertical format to subtract the second 
polynomial from the first polynomial. (Review 10.1) 


36. 6x2 — 3x +2,2x7 +x+7 37. 4x3 + 3x2 + 8x + 6, 2x? — 3x2 — 7x 
38. 10x° + 15, 17x? — 4x + 5 39. —2x° + 5x2? —x+8, -2x7 + 3x-4 


SIMPLIFYING RATIONAL EXPRESSIONS Simplify the expression. (Review 11.6) 


3 ,x+9 8 5 2 12 
ea Wace 4a e Be og 

Ss 7 2x 5 6x 2x +4 
43. 7. 3x a ee3 mA 5 a | 
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Logical Reasoning: Proof 


(QV) Provine a STATEMENT IS TRUE 


W hat you should learn SEER EEE REE REE E EEE EERE EERE EEE EERE EEE EEE EE EEE EEE EEE EEE EE EEE EE EEE EERE HEHEHE EEE HEHEHE HEEE REESE 


Use logical LOGICAL REASONING Mathematics is believed to have begun with practical 
reesenung and proof to prove “rules of thumb” that were developed to deal with real-life problems, such as tax 
ASEM TEN: records, the surveying of fields, inventories of storehouses, business transactions 


Prove that a between merchants, and astronomical calculations. Then, about 2500 years ago, 
statement is false. Greek geometers developed a different approach toward mathematics. Starting 


: with a handful of properties that they believed to be true, these geometers insisted 
Why y ou should learn tt = on logical reasoning as the basis for developing more elaborate mathematical 


Y To help solve real-life tools. These more elaborate tools, which can be proved to be true, are called 
problems, such as defending theorems. 
a client in court in 


The basic properties of mathematics that mathematicians accept without proof 
are called postulates or axioms. Many of the rules that were discussed in 
Chapter 2, such as the properties of addition, the properties of multiplication, and 
the distributive property, fall into this category. The following chart provides a 
summary of the rules that underlie algebra. 


Example 4. 


CONCEPT 
SUMMARY 


THE BASIC AXIOMS OF ALGEBRA 


Let a, b, and c be real numbers. 


Axioms of Addition and Multiplication 


CLOSURE: a+ bis areal number. ab is a real number. 
COMMUTATIVE: a+b=b+a ab = ba 
ASSOCIATIVE: (a+ b)+c=a+(b+oc) (ab)c = a(be) 
IDENTITY: a+0=a,0+a=a a(1) = a, 1(a) = a 
INVERSE: a+(-a)=0 (4) =1,a#0 


Axiom Relating Addition and Multiplication 
DISTRIBUTIVE: a(b + c)=ab+ac (a+ b)c= ac+ be 


Axioms of Equality 


ADDITION: Ifa=b,thena+c=bde. 
MULTIPLICATION: If a= b, then ac = be. 
SUBSTITUTION: If a= b, then acan be substituted for b. 
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Once a list of axioms has been accepted, you can add more rules, formulas, and 
properties to the list. Some of the new concepts are definitions. You don’t have to 
prove a definition, but it must be consistent with previous definitions and axioms. 
For instance, the definition of reciprocal does not have to be proved. 


Other new statements, called theorems, do have to be proved. For instance, 
basic axioms have been used to prove the theorem that for all real numbers b and 
c, c(—b) = —cb. Once a theorem is proved, it can be used as a reason in proofs of 
other theorems. 


PEXAMPLE 1) Proving a Theorem 


_ Use the definition of subtraction, a — b = a + (—b), to prove the following 
Study Tip theorem: c(a — b) = ca — cb. 
When you are proving 
a new theorem, every SOLUTION 
step must be justified by c(a — b) = cla + (—b)] Definition of subtraction 
an axiom, a definition, 
given information, or =ca+c(—b) Distributive property 
a previously proved 
theorem. =ca+ (cb) Theorem stated above 
=ca— cb Definition of subtraction 


A conjecture is a statement that is thought to be true but is not yet proved. 
Often it is a statement based on observation. 


TEXAMPLE 2 } Goldbach’s Conjecture 


Christian Goldbach (1690-1764) thought the following statement might be true. 
It is now referred to as Goldbach’s Conjecture. 


Every even integer, except 2, is equal to the sum of two prime numbers. 


The following list shows that every even number between 4 and 30 is equal to the 
sum of two prime numbers. Does this list prove that every even number greater 
than 2 is equal to the sum of two prime numbers? 


4=2+2 6=3+3 8=3+5 10=3+7 
12=5+7 144=3+11 16=3+ 13 18 =5 + 13 
20 =3 + 17 22=3+19 24=5+ 19 26 =3 + 23 
28 =5 + 23 30 = 7+ 23 

SOLUTION 


This list of examples does not prove the conjecture. No number of examples can 
prove that the rule is true for every even integer greater than 2. (At the time this 
book is being written, no one has been able to prove or disprove Goldbach’s 
Conjecture.) 


12.8 Logical Reasoning: Proof 


PGOAL 2) PROVING A STATEMENT IS FALSE 


TORRE EERE EERE EERE EEE E EEE HEHE EEE E HEHE EEE EE EEE EEE EE EEE HEHEHE EE EEE EEEEE EEE HEHEHE EEE EEE EEEEE EEE EE SEES 


Sometimes people propose new rules but later find that they are not consistent 
with the axioms, definitions, and theorems in the accepted list. To show that a 
conjecture is false, you need only one counterexample. 


GEV) Finding a Counterexample 


Neporeserenant Assign values to a and b to show that the following conjecture is false. 
Look Back a+ (—b) = (Ca) + b. 


For help with counter- 
examples, see p. 66. SOLUTION 
You can choose any values of a and b. For instance, let a = 1 and let b = 2. 


Evaluate the left side of the equation. 


a+(-b) 


1+ (—2) Substitute 1 for a and 2 for b. 
=—] Simplify. 
Evaluate the right side of the equation. 
(-a) +b =(-1) +2 Substitute 1 for a and 2 for b. 
= 1 Simplify. 


Because —1 # 1, you have shown one case in which a + (—b) = (—a) + b 
is false. The counterexample of a = | and b = 2 is sufficient to prove that 
a + (—b) = (-a) + bis false. If the conjecture were true, it would have 

to work for any choices of a and b. 


FOCUS ON 
CAREERS 


INDIRECT PROOF In this lesson you have used direct proofs to prove that 
statements are true, and you have used counterexamples to prove that statements 
are false. 


Another type of proof is indirect proof. To prove a statement indirectly, assume 
that the statement is false. If this assumption leads to an impossibility, then you 
have proved that the original statement is true. An indirect proof is also called a 
proof by contradiction. 


GLEE) Use of Contradiction in Real Life 


Slt LAWYERS You are a lawyer. You have been assigned to defend someone accused 
« LAWYERS ; ; , : 

>» Lawyers represent of violating a law uptown at 10:00 A.M. on March 22. You argue that if guilty, 
people in criminal and civil your client must have been there at that time. You have a video of your client 
trials by presenting evidence being interviewed by a TV reporter at a political rally on the other side of town at 
supporting their client's the same time. 

case. They also give advice 

on legal matters. You argue that it would be impossible for your client to be uptown at 

re) CAREER LINK 10:00 A.M. and on the other side of town at 10:00 A.M. Therefore your 
www.mcdougallittell.com client cannot be guilty. 
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PEXAMPLE 5 Using an Indirect Proof 


Use an indirect proof to prove that V2 is an irrational number. 


SOLUTION 


Assume that V2 is not irrational. Then V2 is rational and can be written as the 
quotient of two integers a and b that have no common factors other than 1. 

a = a Assume V2 is a rational number. 
a 


Square each side. 
b 


2 
Iya a Multiply each side by 67. 
This implies that 2 is a factor of a”. Therefore 2 is also a factor of a. (You will 
prove this in Exercise 25 on page 763.) So a can be written as 2c. 
2b* = (2c)? Substitute 2c for a. 
2b* = 4c? Simplify. 
Boe" Divide each side by 2. 


This implies that 2 is a factor of b* and also a factor of b. So 2 is a factor of 
both a and b. But this is impossible because a and b have no common factors. 
Therefore it must be impossible that V2 is a rational number. So you can 
conclude that V2 must be an irrational number. 


GUIDED PRACTICE 


Vocabulary Check J 1. Explain the difference between an axiom and a theorem. 


2. What is the first step of an indirect proof? 


Concept Check / In Exercises 3-11, state the basic axiom of algebra that is represented. 


3. yl) =y 4.2x+3=3+42x 5. 5(x + y) = 5x + Sy 
6. (4x)y = 4(xy) 7.y+O0=y 8.x + (-—x) =0 
a.x(t)=1 10. cd = dc W.(xty+z=x+(y+2) 


12. Is subtraction closed for the positive real numbers? That is, if a and b are positive 
real numbers, must (a — b) be a positive real number? Explain your thinking. 


Skill Check J 13. Copy and complete the proof of the statement: If a = b and c = d, then 
ac = bd. Each variable represents any real number. 


a=b Given 

ac = be Multiplication axiom of equality 
c=d Given 

bc = bd x 

ac = bd Es 
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PRACTICE anp APPLICATIONS 


14. SUPPLYING REASONS Copy and complete the proof of the statement: For 
Extra Practice all real numbers a and b, (a + b) — b= a. 
to help you master (a+ b)—b= (a+b) +(-b) Definition of subtraction 


skills is on p. 808. 
(a+ b)—b=a+[b+(—b)] Associative property of addition 
(a+ b)—b=at0 2 


(a+b)-—b=a tt 


PROVING THEOREMS In Exercises 15-17, prove the theorem. (Use the basic 
axioms of algebra and the definition of subtraction given in Example 1.) 


15. If a and b are real numbers, then a — b = —b + a. 
16. If a, b, and c are real numbers, then (a — b) —-c =a — (b+ c). 
17. If a is any real number, then —1(a) = —a. 


18. PROVING A CONJECTURE A student proposes the following conjecture. 
The sum of the first n odd integers is n*. She gives four examples: 1 = 17, 
1+3=4=27,14+3+5=9=3? and1+3+5+7=16 =4” Do the 
examples prove her conjecture? Explain. Do you think the conjecture is true? 


FINDING A COUNTEREXAMPLE In Exercises 19-21, find a counterexample 
to show that the statement is not true. 


19. If a and b are real numbers, then (a + b)? = a? + Bb. 


20. If a, b, and c are nonzero real numbers, then (a + b) +c =a + (b~+ cc). 
21. If a and b are integers, then a + b is an integer. 


22. CONNECTION Explain how the diagrams below can be used to 
give a geometrical argument to support the conjecture in Exercise 18. 


23. THE FOUR-COLOR PROBLEM A famous 
theorem states that any map can be colored 
with four different colors so that no two 
countries that share a border have the same 


color. No matter how the map shown at the 
right is colored with three different colors, at 


_ least two countries having a common border 
HOMEWORK HELP will have the same color. Does this map serve 
Example 1: Exs. 14-17 as a counterexample to the following proposal? 
Example 2: Ex. 18 Explain. 

Example 3: Exs. 19-21 

Example 4: Ex. 24 Any map can be colored with three 

Example 5: Exs. 25-27 different colors so that no two countries 


that share a border have the same color. 
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INDIRECT PROOF In Exercises 24-27, use an indirect proof to prove that the 
conclusion is true. 


24. Your bus leaves a track meet at 4:30 P.M. and does not travel faster than 
60 miles per hour. The meet is 45 miles from home. Your bus will not get you 
home in time for dinner at 5 PM. 


25. If p is an integer and p’ is divisible by 2, then p is divisible by 2. (Hint: An 
odd number can be written as 2n + 1, where n is an integer. An even number 
can be written as 2n.) 


26. Ifa <b,thena+c<btc. 27. Ifac > bc andc > 0, then a > b. 


28. PROOF USING THE MIDPOINT Let D represent 
the midpoint between B and C, as shown at the 
right. Prove that for any right triangle, the 
midpoint of its hypotenuse is equidistant from 
the three vertices of the triangle. In order to 
prove this, you must first find the distance, BC, 
between B and C. Using the distance formula, 


you get BC = Vx* + y*, so BD and CD must 


be 3Vx? + y*, 


To help you with your proof, use the distance formula to find AD. 


Odds 
Test é=) 29. WIULTI-STEP PROBLEM In graph theory, a complete graph is one in which 
Prep aration every pair of vertices is connected by part of the graph called an edge. The 


following graphs are complete. 


Two vertices Three vertices Four vertices Five vertices 


[> Xt & 


a. Copy and complete the table. 


b. Make a conjecture about the relationship between the number of vertices 
and the number of edges in a complete graph. 


c. Use your conjecture to predict how many edges a complete graph with 
10 vertices would have. 


* Chal lenge 30. PYTHAGOREAN THEOREM Explain how the following diagrams could be 
used to give a geometrical proof of the Pythagorean theorem. 


ie 
www.mcdougallittell.com a +a+— b— | a-—b— 
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MIxeD REVIEW 


Seccvevccccccccccscssescecscere 
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FINDING SOLUTIONS Decide how many solutions the equation has. (Review 9.6) 
31.17 -2x+4=0 32. 2x7 +4x-2=0 33. 8x7-8x+2=0 
34.x7- 14, +49=0 35. -3x7-S5x+1=0 36.6x7-x+5=0 

37. x7 — 2x — 15 =0 38.x7° + 16x +64=0 39.x°+ 11x +30=0 


FINDING SOLUTIONS Decide whether the ordered pair is a solution of the 
inequality. (Review 9.7) 


40. y <x? — 2x — 5; (1, 1) 41. y = 2x? — 8x + 8; (3, —2) 
42. y < 2x* — 3x + 10; (—2, 20) 43. y > 4x? — 48x + 61; (1, 17) 
44. y= x° + 4x; (—2, —4) 45. y < 3x7 — 2x; (5, 10) 


46. y > 3x? + 50x + 500;(—6, 100) 47. y= -x? + 3x - 2, 2, -3) 


PERCENTS Solve the percent problem. (Review 11.2) 


48. How much is 15% of $15? 49. 41 inches is what percent of 50 inches? 
50. 100 is 1% of what number? 51. 6 inches is what percent of 3 inches? 
52. 1240 is 80% of what number? 53. $5 is 33% of what amount of money? 


Self-Test for Lessons 12.6-12.8 


Find the distance between the two points. Round the result to the nearest 
hundredth if necessary. Then find the midpoint between the two points. 
(Lesson 12.6) 


1. (1, 3), 7; —9) 2, (2,3), (6, —11) 3. (0, 0), (8, —14) 
4. 8, =8),,C 8,8) 5. (3, 4), (—3, 4) 6. (1, 7), (—4, —2) 
7, 2,0), 2, 3) 8. (—3, 3), (4, 1) 9. (3, 4), (2, —4) 


Find the sine, the cosine, and the tangent of angles A and B. (Lesson 12.7) 


10. B 11. C 
10 , ‘ 15 
A 8 C A 17 B 


12. Prove the theorem (a — b)c = ac — bc. Use only the basic axioms of algebra, 
the definition of subtraction, and the theorem (—b)c = —bc. (Lesson 12.8) 


Find a counterexample to show that the statement is not true. (Lesson 12.8) 
13. If a, b, and c are real numbers and a < b, then ac < be. 


14. If a and D are real numbers, then —(a + b) = (—a) — (—b). 
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Add, subtract, multiply, and divide radical 
expressions. (12.2) 


rere eee eee reer errr reer errr rer terre terre rrr rer rrr rere terre rrr reir 


Solve a quadratic equation by completing the 
square. (12.4) 


Choose a method for solving a quadratic 
equation. (12.4) 


Find the distance and midpoint between two 
points in a coordinate plane. (12.6) 


Find the trigonometric ratios sine, cosine, and 
tangent. (12.7) 


Pere ee ere reer errr rrr rer rere errr rere eres errr errr terre rrr rer errr rrr rrr yy) 


Use logical reasoning and proof. (12.8) 


Chapter Summary 


WHY did you learn it? 


rere eee eee reer reer reer errr rer rere errr rece r reece rere errr re rrr rer errr errr er ree rer rere reer erry) 


_ Find how much centripetal force a person 
experiences on an amusement park ride. (p. 726) 


Calculate the distance from home plate to second 
base. (p. 740) 


Apply the distance and midpoint formulas to model 
real-life situations. (pp. 746, 747) 


eee eee ee Cre rere errr reer errr rer rere errr rere r reece rrr rer rrr rere errr rr rrr rer errr errr rere errr rr ris) 


Prove that statements are true or false. (pp. 759, 760) 


How does Chapter 12 fit into the BIGGER PICTURE of algebra? 


Radicals have many applications in geometry and in other fields. In this 
chapter you learned to add, subtract, multiply, and divide radical expressions 


and to solve radical equations. 


The chapter also contains material that helps prepare you for other courses in 
mathematics. There are many applications involving geometry; an introduction 
to the trigonometric ratios sine, cosine, and tangent; and an introduction to 
some of the formal properties of algebra explored in Algebra 2. 


STUDY STRATEGY 


How did you use the 
notes in your 
notebook? 


A map of ideas you made, 
using the Study Strategy 
on page 708, may look like 
this one. 


Lesson 12.5 Notes 
Pythagorean Theorem 


iS 
a® + b? = o2 Zu 


Distance Formula 


<a 
d = The = x)? + Wye - ye Xo - Xy 


ona yA 


* square-root function, p. 709 * legs of a right triangle, p. 738 * midpoint between two * postulates, or axioms, p. 758 


* conjugates, p. 717 * hypothesis, p. 739 points, p. 747 * theorems, p. 759 
* complete the square, p. 730 * conclusion, p. 739 * midpoint formula, p. 747 * conjecture, p. 759 
* Pythagorean theorem, p.738 —* converse, p. 739 * trigonometric ratio, p. 752 ¢ indirect proof, p. 760 
* hypotenuse, p. 738 ¢ distance formula, p. 745 * sine, cosine, tangent, p. 752 
Examples on 
21 | FUNCTIONS INVOLVING SQUARE ROOTS pp. 709-711 


ARR RRR eee REE E ERE EEE EERE EEE HEHE EEE HEHE EEE HEHEHE EEEEE EEE EE EEE HEHE EEE EE EEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEE EEE EEE EE EEE EEEEE EEE EEE HEHEHE EE EEE 


GSC To sketch the graph of y = Vx — 2, note that the domain is the set of 
all nonnegative numbers. Then make a table of values, plot the points, and connect 
them with a smooth curve. The range is all numbers greater than or equal to —2. 


Identify the domain and the range of the function. Then graph the function. 


Vy = Vx 2.y=2Vx—5 3.y=Vx +3 
Examples on 
12.2 | OPERATIONS WITH RADICAL EXPRESSIONS pp. 716-718 


TREN RRR ERE REE EEE EEE O EERE EEE EE EEE EE TEESE EEE EEE HEHEHE EE HEHEHE EEE EEE EEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEE ESSE EEE HEHEHE EE 


GELVTTSD You can use radical operations to simplify radical expressions. 


4V20 — 3V5 =4V4=5 —3V5 Perfect square factor 
= 4V2-2-V5 —3V5 Product property 
= 8V5 — 3V5, Simplify. 
= 55 Subtract like radicals. 


Simplify the expression. 


4.V5 +2V5 - V3 5. V6 (2V3 — 4V2) 6. (3 — V10)* 
a1 8 
7. (V8 + V3) 8. ret 
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E I 
23 | SOLVING RADICAL EQUATIONS pp. 722-724 


GSTUTTTD Solve V3x — 2 =x. 


(Vv eho — ? = x? Square both sides. 
3x = 2 =x Simplify. 
0=x7?-3x4+2 Write in standard form. 


0=G—2DEa 1) Factor. 


x=2orx=1 Zero-product property 


Solve the equation. 


10. 2Vx —4=0 1.x = V—4x —4 12.Vx—-3+2=8 


E I 
24 COMPLETING THE SQUARE pp. 730-733 


GSLUTIT® Solve x? — 6x — 1 = 6 by completing the square. 
x? — 6x =7 Isolate the x-term and the x-term. 


x7-6x+9=74+9 Add (-$) to each side. 


(« — 3)? = 16 Write left side as perfect square. 
x= 3 = 24 Find square root of each side. 
x=T7orx=—1 Solve for x. 


Solve the equation by completing the square. 
13.x7-— 4x -—1=7 14. x7 + 20x + 19=0 15. 2x7 -x-4=10 
Examples on 


25 THE PYTHAGOREAN THEOREM AND ITS CONVERSE pp. 738-740 


AREER EERE EERE EERE EEE EEE EEE EEE EE EEE E EE EEE EE EEE EE EEE EEE HEHE EEEEE EEE EEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEE EEE EE SEES 


G@SLUTITD Given a = 6 andc = 12, find db. 


a + b* = c Write Pythagorean theorem. 
6 + b* = 12? Substitute for a and c. a=6 c= 12 
b = 6V3 Solve for b. ; 


Find each missing length. 
16. 6 17. 18. 2 
ay b 2b+2 
‘ c 13 
V2 


Chapter Review 


> 


E 1 
THE DISTANCE AND MIDPOINT FORMULAS pp. 745-747 


GELVTI® Find the distance d and the midpoint m between (—6, —2) and (4, 3). 
d=VGy — x)’ + Gwe 
= Vie)! te? ls 
nd 


xy ae yy a] 


2=(052 
(= 6+4 a) 
C13) 


Find the distance and the midpoint between the two points. 


19. (8, 5) and (11, —4) 20. (—3, 6) and (1, 7) 21. (—2, —2) and (2, 8) 
Examples on 
|") TRIGONOMETRIC RATIOS pp. 752-754 
EXAMPLES ey side opposite 2A _a_ 6 _ 0.6 B 
hypotenuse @ ~ ilk) ‘ 
; : ee a=6 
side adjacentto ZA bb 8 
cos A = =—-=—=08 
hypotenuse c 10 
ee side opposite ZA _4_6_76 a = c 
an “side adjacentto ZA b 8 ~ 
22. Find the sine, the cosine, and the tangent of 2 B. 
E I 
AR) Loeicat Reasonine: PRooF pp. 758-761 


GSCLUTIE® Prove that for all numbers a and b, (a + b) — b= a. 
(a+ b)—b=(at+b)+(b) Definition of subtraction 


=a+[b+(b)] Associative property of addition 


a+0O Inverse property of addition 


=a Identity property of addition 


23. Which basic axiom of algebra is represented by (3) (2) = (2) (3)2 


24. Prove that (c)(—b) = —cb for all real numbers c and b. 


Chapter 12 Radicals and Connections to Geometry 


Chapter Test 


Identify the domain and the range of the function. Then sketch its graph. 


Vy = 12Vx 2.y=V2x+7 3. y = V3x —3 4.y=Vx—5 
Simplify the expression. 

5. 3V2 — v2 6. (44+ V7)(4—v7) 7. (4v5 +1)? — 

3-V5 

Solve the equation. 

9. Vy +6=10 10. V2m +3 —6=4 11. n = V9n — 18 12. p = V—3p + 18 
Solve the equation by completing the square. 
13. x2 — 6x = —5 14. x2 —2x =2 15. x2 + 2x —1=0 
Determine whether the given lengths can be the sides of a right triangle. 
16. 6, 18, 36 17. 9, 40, 41 18. 1.5, 3.6, 3.9 


In Exercises 19 and 20, use the diagram. (2, 7) 


19. Find the perimeter of the parallelogram. 


20. Find the coordinates of the midpoint 
of each side of the parallelogram. 


21. Find the perimeter of the 
parallelogram whose vertices are the 
midpoints you found in Exercise 20. 


22. Compare the perimeters you found 
in Exercises 19 and 21. 


Find the missing lengths of the sides of the triangles. Round your answer 
to the nearest hundredth. 


23. B 25. F 


26. Prove that if a, b, and c are real numbers, anda + c=b+c,thena = b. 


27. %) Pony EXPRESS Pony express stations were about 10 miles apart. The 
latitude-longitude coordinates of two former stations in western Nevada are 
(39.2 N, 119.0 W) and (39.2 N, 118.5 W). Find the coordinates of the station 
that was halfway between them. 


28. “) GATEWAY ARCH You are standing 134 feet from the Gateway Arch in 
St. Louis, Missouri. You estimate that the angle between the ground and the 
line from where you stand to the top of the arch is 78°. Estimate the height of 
the Gateway Arch. 


24. R 
ap _ 
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Chapter Test 


Chapter Standardized Test 


P) TEST-TAKING STRATEGY Learn as much as you can about a test ahead of time, such as the 


types of questions and the topics that the test will cover. 


1. MULTIPLE CHOICE What is the value of 


f(x) = EAI when x = 82 
ee ©; ef 
D5 © 37 


. MULTIPLE CHOICE Which quadrants of the 
coordinate plane will contain the graph of 


y=V3x—1 -2? 

CD Quadrant I 
Quadrants I and IV 
© Quadrant IV 

@® Quadrants IT and ITT 
CE Quadrants I and I 


. MULTIPLE CHOICE Evaluate the expression 
5V7 + V448 + V175 — V63. 
@ 15V7 16V7 © 18V7 
@® 20V7 > 21V7 
. MULTIPLE CHOICE Which one of the following is 
the simplified expression of (3 = V6 )?2 
@ 9-5V6 3 — 6V6 
& 15 @® 15 - 6V6 
CE None of these 


. MULTIPLE CHOICE The geometric mean of 
144 and a is 6. What is a? 


Qa i ©t 
@ 12 CE} 36 
. MULTIPLE CHOICE Which one of the following is 
a solution of the equation x = V880 — 18x? 
@ —22 0 C&) 22 
@ 40 «& 49 


7. 


10. 


11. 


IMMIULTIPLE CHOICE What term should be added to 
x7 Sx so that the result is a perfect square 
trinomial? 


Bz 


Oz 


64 
Bo 


\o| & 


© 
©3 


. MULTIPLE CHOICE What is the length of the 


missing side of the triangle? 
@ 10 11 
O12 @D 13 
& 15 


9 5V 10 


x 
. MIULTIPLE CHOICE What is the distance between 


points P and Q? 


P(—5,6) 


@ 5 V33 © V113 
®D V73 © V65 
IVIULTIPLE CHOICE Use the graph in Exercise 9. 


Find the midpoint between points P and Q. 
3 7 3 
@(34) @(h2) ©(32) 
i 7 
@(4) © (2) 
MULTIPLE CHOICE The length of side a is 18. The 


tangent of angle A is 2. What is the length of the 
hypotenuse? 


@ 10 A 
CB 20 a c 
© 2V'106 B 18 C 
CB) 4V106 
CE 8V53, 
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QUANTITATIVE COMPARISON In Exercises 12-15, choose the statement 
below that is true about the numbers. 


@) The number in column A is greater. F e=6 D 
The number in column B is greater. d=3 
CE The two numbers are equal. F 
@®) The relationship cannot be determined from the given information. 


Column A Column B 
[sind [sine 
, 


.| cos D cos E 


16. IMIULTIPLE CHOICE Choose the missing reason in the following proof that for 
all real numbers a and b, —(a + b) = (—a) + (—b). 


STATEMENTS REASONS 

1. aand b are real numbers 1. Given 

2. —(a+ b) =(-I)(a+ dD) 2. Multiplicative property of —1 
3. —(a+ b) =(-lha+(-1)b 3. 

4. —(a + b) = (-a) + (-b) 4. Multiplicative property of —1 


@D Definition of subtraction 
Associative property of addition 
©) Inverse property of addition 
@®) Distributive property 

C Multiplication axiom of equality 


17. MIULTI-STEP PROBLEM You have a very small television set in your home 
now. The length of your little TV screen is 8 inches, but the TV is called a 
10-inch TV because the length of the screen’s diagonal is 10 inches. After 
shopping for a larger television, you find two televisions that interest you. One 
is a 25-inch TV with a screen length of 20 inches. The other TV is advertised 
as a big screen because it is “double the dimensions of the 25-inch TV.” 


a. Write an equation and solve it to find the width of the 25-inch screen. 
b. Find the length and width of the big screen television. 
c. What is the area of the 25-inch screen? of the big screen? 


d. How many times larger is the area of the big screen than the area of the 
25-inch screen? 


e. Suppose that the television manufacturer produced a 75-inch screen TV. 
How many times larger is the area of the 75-inch screen than the area of 
the 25-inch screen? 


Chapter Standardized Test 


Cumulative Practice 


Translate the verbal sentence into an equation or an inequality. Then use 
the information to solve for the variable(s). (1.4-1.5) 


1. The quotient of m and 7 is greater than or equal to 16. 

2. The sum of 4 and the second power of b is equal to 104. 

3. The distance ¢ you travel by train is 3g times the distance d you live from the 
train station. You drive 3 miles to get from your house to the train station. 


Evaluate the expression for the given value of x. (2.1-2.3, 2.5-2.7) 


4.3+x+ ¢4),x=5 5. —x+12-—5,x=9 6. 3.5 — (—x),x = 1.5 
7. -(3)°@),x=7 8. 6x(x + 2),x = 2 9. (8x + 1)(-3),x=4 
10. + (—x)(—x)(-x)|,x =4 11. a x=8 12. (-5)(-3:), x=6 
Solve the equation. Round the result to the nearest hundredth. (3.1-3.4, 3.6) 
13. —H(x- 5) = 12 14. 7x — (x — 2) = 38 15. 5x +7 = -Tx-5 
16. 8(x + 3) — 2x = 4(x — 8) 17. 11.47 + 6.23x = 7.62 + 5.51x 18. —3(2.98 — 4.1x) = 9.2x + 6.25 


In Exercises 19 and 20, use the graph. (4.3—4.4, 4.6, 5.3) 


19. Write an equation of a line that is parallel to the line shown. 


20. Write an equation of a line that is perpendicular 
to the line shown. Graph the equation in the 
same coordinate plane to check your answer. 


Decide whether the relation is a function. If it is a function, give the domain 
and the range. (4.8) 


Input Output 


Use the information provided to write an equation of the line in standard form. 
(5.1-5.2, 5.5-5.6) 


25. The slope is =; the y-intercept is —3. 26. The line passes through (— 1, 2); the slope is *. 


Solve the inequality and graph the solution. (6.3-6.4) 
27.-3<—-4x+9=14 28. |3x + 16| +2< 10 29.3x —4>S5o0r5x+1<11 
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Solve the system of linear equations. (7.2—7.3) 


30. 4y = —8x + 16 31. —2x + 3y = 15 32. y= 5x -—2 
2y = 11x -7 10x — lly =9 3x + Ty =5 
Simplify. Then evaluate the expression when a = 1 and b = 2. (8.1-8.3) 
p® - 
33.5 34. 3at+ a> 35. (—a*)(2b7) 
=3;3 5 b? —2 
36. 4b3+ (2 +b) i aq, Sani}? 
ab a 2b 
Decide how many solutions the equation has. Then solve the equation. 
(9.1, 9.5—9.6, 10.5) 
39. 6x7 + 8 = 34 40. 4x* — 9x + 5 =0 41. 3x7 + 6x +3 =0 
Completely factor the expression. (10.5—-10.7) 
42. x7 + 6x + 8 43. x? — 24x — 112 44. 3x7 + 17x — 6 
45. 4x7 + 12x + 9 46. x7 + 10x + 25 47. x* — 14x + 49 


Solve the equation. (10.4—10.8) 


48. (3x + 1)(2x + 7) =0 49. 6x7 -x -7=8 50. 4x7 + 16x + 16 =0 
51.22 + 5x2 — 4x —20=0 52. x4 + 9x3 + 18x2 = 0 B3.x7- Fx + =0 


Simplify the expression. (11.4-11.6) 


54, se 56, ——>* _. 4-6 
12x x = 9 x° —2x— 24 6x* + 9x 
2 
x= 0x FB, 4 15x 3x x 

57. De > (3x — 12) 58.-— 5+ a46 59. 7 = 

Simplify the expression. (12.2) 

60. 4V7 + 3V7 61. 9V2 — 12V8 62. V6(5V3 + 6) 63. - “5 


In Exercises 64 and 65, use the triangles at the right. (12.7) 


64. Find the sine, the cosine, and the tangent of 


R 12 S B 
ZQand ZR. Round your answer to the . 4 c ’ 
nearest hundredth. 13 a 
65. Find the lengths of the sides of AABC. a c b A 


Tan 22° = 0.4040. Round your answer 
to the nearest hundredth. 


% PVR SUBSCRIPTIONS In Exercises 66 and 67, Company A sells a 
Personal Video Recorder (PVR) for $700 and charges a $5 monthly 
subscription fee. Company B sells a PVR for $500 and charges a $20 
monthly fee. (6.2, 7.3-7.4) 


66. What is the total cost of each PVR after one year? after three years? 


67. How many months must the PVRs be used in order for the total costs of the 
two models to be the same? 


Cumulative Practice 


@ On graph paper, draw 
a 1-by-1 square. 


Investigating the Golden Ratio 


OBJECTIVE Explore what the golden ratio is and how it is used. 


Materials: graph paper, metric ruler, graphing calculator (optional) 


Over the centuries, the golden rectangle has fascinated artists, architects, and 
mathematicians. A golden rectangle has the special shape such that when a 
square is cut from one end, the ratio of length to width of the remaining rectangle 
is equal to the ratio of length to width of the original rectangle. This ratio, the 


anhilen aaa, 3 mice or about 1.618034. 


b a 
smaller golden 
rectangle 


at+b 
golden rectangle square 


It is not possible to constuct a golden rectangle with integer sidelengths. 
However, it is possible to construct rectangles with integer sidelengths whose 
ratios of length to width approximate the golden ratio. 


APPROXIMATING A GOLDEN RECTANGLE 


® On one side of the © Build a2-by-2 square @ Build a 3-by-3 square 
square, add another on the longest side of on the longest side of 


1-by-1 square. your 1-by-2 rectangle. your 2-by-3 rectangle. 
HEGRE BERERESe 


One property of golden rectangles is that their lengths and widths are 


proportional. For example, in the above diagram, 2 ; be 2 


1. Copy ean complete the ae 2 fengaed 
using this property to predict the 
lengths and widths of the next four widieve 
rectangles you can build on the 
drawing from Step 4. 


2. Draw the next four rectangles to check your predictions. 
3. Add a row to your table and record the ratio of the length to the width of 
the rectangles. Explain how the ratios are related to the golden ratio. 


4. Letr= > represent the golden ratio. Use ane = e to show that 


Lb VE. 
r= 5) ifa 


=1. 
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PRESENTING YOUR RESULTS 


SORE RRR R REE e REE EEE E EE EEE EEE EEE EE EES EEE EERE EEEEE EEE EEEEEEEEEE HEHEHE EEEEEEEEEE EEE EEEEEEEEEEEEEES 


a Write a report or make a poster to present your results. 
¢ Include a sketch of a golden rectangle. 

= ee) ¢ Include the table you made in Exercise 1. 

¢ Include your answers to Exercises 2—4. 


¢ Describe what you learned about the golden ratio. 


SORA R Ree RRR R ERE EEE EEE HEHEHE EEE EEE EE EEE EE EEE EE EEEEEEEE EEE EEEEEEEE HEHEHE EEE HEEEE HEHEHE EEE EEEEEEEEEEEEEEEEEEEEE EEE EE EEE HEHE 


¢ Before the pediment on top of the 
Parthenon in Athens was destroyed, the 
front of the building fit almost exactly 
into a golden rectangle. Do some 
research on the Parthenon to find out if 
the golden ratio was used in other 
aspects of its design. 


¢ The golden rectangle can be found in 
the works of many artists and in art 
objects around the world, such as the 
proportions of a jar from the Ch’ ing 
dynasty of China, shown at the right. 
Find pictures of works of art and see 
if you can find any golden rectangles 
in them. 


¢ The golden ratio can also be found in 
nature. For example, the average 
chicken egg fits nicely inside a golden 
rectangle. Measure at least six chicken 
eggs and find the average of their ratios. 


¢ Do some research and find other 
examples of the golden ratio in art, 
nature, and architecture. 


¢ Find some rectangular objects around you that you think look nice. Measure 
them to see if they are golden rectangles. You might try a picture frame, a 
$1 bill, a business card, a 3-by-5 index card, or a TV screen. 


Project 
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ie Student Resources 


a ——E 
Skills Review Handbook 


The natural numbers are all the numbers in the sequence 1, 2,3, 4,5,.... 
Natural numbers that are multiplied are factors. For example, 3 and 7 are 
factors of 21, because 3* 7 = 21. A prime number is a natural number that has 
exactly two factors, itself and 1. 


prime number 


Its only factors are 1 and itself 


Examples: 2,35, 7 1... 


To write the prime factorization of a number, write the number as a product of 
prime numbers. 


Write the prime factorization of 315. 


SOLUTION Use a tree diagram to factor 315 

the number until all factors are prime Ef ‘ 105 
numbers. To determine the factors, test / aN 
the prime numbers in order. i 5 ran 


> The prime factorization of 315 is 3*+3°5°7. 
This may also be written as 37+ 5 + 7. 


A common factor of two natural numbers is a number that is a factor of both 
numbers. For example, 7 is acommon factor of 35 and 56, because 35 = 5 + 7 
and 56 = 8° 7. The greatest common factor (GCF) of two natural numbers is 
the largest number that is a factor of both. 


Find the greatest common factor of 180 and 84. 


SOLUTION First write the prime factorization of each number. Multiply the 
common prime factors to find the greatest common factor. 


180 = 2°2°3+3°5 
84 =2°2°3°7 
> The greatest common factor is 2+2+3 = 12. 


Skills Revieww Handbook 


f two natural numbers is a number that is a aes of 


42=6: Tandad = 14. 3. The least in le 
numbers is the smallest number that is a multiple of both. 


Find the least common multiple of 24 and 30. 
SOLUTION First write the prime factorization of each number. 
24 = 22°23 
30 =2°3°5 


> The least common multiple is the product of the common prime factors and 
all the prime factors that are not common. The least common multiple of 24 
and 30 is 2*3°2°2+5 = 120. 


PRACTICE 

List all the factors of the number. 
1. 18 2. 10 3.77 4. 35 
5. 27 6. 100 7. 42 8. 49 
9. 52 10. 81 11. 121 12. 150 


Write the prime factorization of the number if it is not a prime number. If a 
number is prime, write prime. 


13. 27 14. 24 15. 32 16. 61 
17.55 18. 68 19. 48 20. 225 
21. 90 22. 75 23. 39 24. 1000 
25. 728 26. 101 27. 512 28. 210 


List all the common factors of the pair of numbers. 
29. 15, 30 30. 36, 54 31. 5, 20 32. 14, 21 
33. 9, 36 34, 24, 28 35. 20, 55 36. 12, 30 


Find the greatest common factor of the pair of numbers. 


37. 25, 30 38. 32, 40 39. 17, 24 40. 35, 150 
41. 14, 28 42. 65, 39 43. 102,51 44. 128, 104 
45. 36, 50 46. 45, 135 47. 29, 87 48. 35, 48 
49. 56, 70 50. 88, 231 51. 47, 48 52. 93, 124 


Find the least common multiple of the pair of numbers. 


53. 5,7 54. 3,4 55. 3, 16 56. 7, 12 57. 4, 12 
58. 9, 15 59. 12, 35 60. 6, 14 61. 20, 25 62. 10, 24 
63. 3, 17 64. 15, 40 65. 70, 14 66. 36, 50 67. 22, 30 
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COMPARING AND ORDERING NUMBERS 


POCO SCE E EEO OSS OES OSES SOOO OH EES OEEOTESEOHS OES TOSSES OSEOSOOE SES OSSOS OE EOTOO TEE SOSEOSESEOSS OSES TOSS OSES EEHSO TEES OSEOTOES 


When you compare two numbers a and 5, there are exactly three ae es 


possibilities. The possibilities are described at the right in words and in 
symbols. To compare two whole numbers or decimals, compare the digits seat o= 
of the two numbers from left to right. Find the first place in which the 


digits are different. 


Compare the two numbers. Write the answer using <, =, or >. 
a. 4723 and 4732 b. 27.52 and 27.39 


SOLUTION 
a.4723 


4732 
» 2 <3,s0 4723 < 4732. 


You can picture this on a number line. The numbers on a number line 
increase from left to right. 


4723 4732 4723 is less than 4732. 
4720 4725 4730 4735 4723 is to the /eft of 4732. 
27.22 
2 3 
D5 3380 2752 = 27 39: 
27.39 Zie52 27.52 is greater than 27.39. 
27.30 27.40 27.50 27.60 27.52 is to the right of 27.39. 


To compare two fractions that have the same denominator, compare the 
numerators. If the fractions have different denominators, first rewrite one or 
both fractions to produce equivalent fractions with a common denominator. 
The least common denominator (LCD) is the least common multiple of 
the denominators. 


Write the numbers 3 Z, and 4 in order from least to greatest. 


SOLUTION ‘The LCD of the fractions is 24. 


Seo Oe: pe aS ae Ss — 59% _ id 
4 4:6 24 8 8:3 24 12 Do ue 
Compare the numerators: 10<18<21,s02%<3<2 


> In order from least to greatest, the fractions are =. =. and 8 
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Compare 43 and 45. Write the answer using <, =, or >. 


SOLUTION ‘The whole number parts of the mixed numbers are the same, 
so compare the fraction parts. 


The LCD of 3 and £ ik 1. 


Do 88s OR Deeks 
4 4:3 12 3 god iy 
ee 
Compare the numerators: 9 > 8, so 12 = 12° 
> Since it follows that 4— > 4 
ae a8 
SFP S| SS SS a is to the right of a3 
43 4s an 5 
PRACTICE e@eesveeseeeeseeeesese 
Compare the two numbers. Write the answer using <, =, or >. 
1. 12,428 and 15,116 2. 905 and 961 3. 142,109 and 140,999 
4. 16.82 and 14.09 5. 0.00456 and 0.40506 6. 23.03 and 23.3 
7. 1005.2 and 1050.7 8. 932,778 and 934,112 9. 0.058 and 0.102 
7 3 1 11 7 3 
10. 73 and 53 11. 17q and Idq5 12. Jo and Z 
5 15 1 3 1 1 
13. 9 and 55 14. 5 and 15. 8 and 
4 2 1 7 
16. 5 and 3 17. 425 and 41< 18. 508.881 and 508.793 
5 2 5 5 
19. 32,227 and 32,226.5 20. 8 and 3 21. I7¢ and 17> 


Write the numbers in order from least to greatest. 


Mm «622. 1207, 1702, 1220, 1772 23. 45,617, 45,242, 40,099, 40,071 
: 24, 23.12, 23.5, 24.0, 23.08, 24.01 25. 9.027, 9.10, 9.003, 9.3, 9.27 
La 2 3 2.4 2 2 8 
26. 4.07, 4.5, 4.01, 4.22 27. 3) o 4 28.5.5 0° 7 
27'S a1 15 7 el 1 2S. al S 
29. 12, 7,5; ly ig 30. 145, 153, 14 > 154 31. 3, 13 G5 


32. You need a piece of trim 62 yards long to complete a craft project. You have 


a piece 62 yards long left over from another project. Is the trim long enough? 
4 


33. Goran finished a ski race in 53.56 seconds. Markus finished in 53.78 
seconds. Which skier finished first? 
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FRACTION OPERATIONS 


POCO SC EEE EOO HOES OEOO ROSE EEO OE EES OSSOTES ESOS OH ESS OSEOS ES EOSOO ESET OSSOS OE EOHOO TEES OSEOTOSEOSOO TEE SOSE OSES ESET ESTEE TOSSES EES 


To add or subtract two fractions with the same denominator, add or subtract 
the numerators. 


EXAMPLE EXAMPLE 


3, 4 3h pare ey aos p 
5 =P ie ae Add numerators. 10 10 10 Subtract numerators. 

mais 2 ae mee He : 

= 5 OF Is Simplify. = a6 Simplify. : 

= S Factor numerator and denominator. 

2x d : 

= 4 Simplify fraction to lowest terms. iS 


oy 


To add or subtract two fractions with different denominators, write equivalent 
fractions with a common denominator. 


3 SS — Is 25 
EXAMPLE 5 ap 6. 30 ar 30 Use the LCD, 30. 
— 1 sh 2S 
=a Add numerators. 
43 13 ares 
= 30° or 130 Simplify. 


2 il — iil 9 nip Wea , 
EXAMPLE 33 24 =a Rewrite mixed numbers as fractions. 

2a 2 : 
=? D2 The LCD is 12. 

sacar Subtract numerators. 

12 

17 5 ere 

= iD or Iy5 Simplify. 


To multiply two fractions, multiply the numerators and multiply the denominators. 


eeecccscccccccscccccens 


= x 2 = ae Multiply numerators and multiply denominators. : 
Lis ae 
= OA Simplify. 
Be5 


Factor numerator and denominator. 


Simplify fraction to lowest terms. 
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seecceeescceeeee 


feisieie: 


eeoeseeseosseosseseeseesees: 
a 


Two numbers are \' 
except 0 has a reciprocal. 


5x < —slsonrang + are reciprocals. 
Le ieee ae 
3 A= 1, so 3 and > are reciprocals. 
ee CN eae 
IZ x Fee Fier ESO iy and 5 are reciprocals. 


To find the reciprocal of a number, write the number as a fraction. Then 
interchange the numerator and the denominator. 


Find the reciprocal of 34. 


SOLUTION 34 = & Write 3} as a fraction. 


_ a Interchange numerator and denominator. 


2 1, 4 
> The reciprocal of 37 18 5: 


PC ens aia 
v CHECK 3g x $= Bx 5 - BASH 


6 : F 
x 5 The reciprocal of i is p. 
x 6 


= SS Multiply numerators and denominators. 


4x5 

_ 18 ies 

= 50 Simplify. 

B22 | 

— 710 Factor numerator and denominator. 

ae) eee : 

= 10 Simplify fraction to lowest terms. 

25 = az = 2 = 2 Write mixed numbers as fractions. 

= 2 x - The reciprocal of ee is ie 
= aXe Multiply numerators and denominators. 
— 30 carers 
= oy Simplify. 
_ 3x Ww = 
= 5 16 Factor numerators and denominators. 
= Benes : 
= 5 Simplify fraction to lowest terms. 
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Is of each other if their product is 1. Every number 


PRACTICE 


Add or subtract. Write the answer as a fraction or a mixed number in 
lowest terms. 


Lets ts 25-5 42+ 5 
B3+g 6.579 ig t3 8. 4-7 
9. 55 — 23 10.13 +5 11, 42 — 22 12,343 
13.75 + 35 14, 52 — 25 15. 42 — 15 16. 92 + 35 
Find the reciprocal of each number. 

17.7 18. 19. 20. 2 

21. 35 22. 100 23. 2. 24, & 

25. 1 26. 23 27.3 28. += 

29. 6= 30. 105 31.2 2. 43 
Multiply or divide. Write the answer as a fraction or a mixed number in 
lowest terms. 

33.4.X 5 34.2 x2 35.2 x4 36.52 
37.3x8 38.15 x 2 39. 3 x 23 40. 54 x 12 
a. t+ 3 42. 2+4 43.23 = a4. 42+ 15 
45.45 +3 46.25 + 15 47.32 +4 48. 7x + 24 
Add, subtract, multiply, or divide. Write the answer as a fraction or a mixed 
number in lowest terms. 

ag. 32 - 3 50. > x 15 B1. 45 + 42 52. 2441 
53. 55-5 BA. +e 55. ¢ < 56.5 +2 
B7. 45 x £ 58. 92 + 34 59. + + 5 60. 65 — 22 
61. +3 62. 85 X 5 63.42 x2 e454 


65. You went trout fishing. You caught trout with the lengths (in inches) of 82, 


10 1 of, 85, 105, and 92. Find the average length of the trout you caught. 
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FRACTIONS, DECIMALS, AND PERCENTS 


ent (%) means “divided by 100.” 


ere e835 
53% = 53 divided by 100 = 100 


The grid contains 100 squares. 


53 of the 100 squares are shaded. 


53% of the squares are shaded. 


To write a percent as a decimal, move the decimal point two places to the /eft and 
remove the percent symbol. 


PEXAMPLES ] 
a. 85% = 85% = 0.85 b. 3% = 03% = 0.03 
©. 427% = 427% = 4.27 d. 12.5% = 12.5% = 0.125 


To write a percent as a fraction in lowest terms, first write the percent as a 
fraction with a denominator of 100. Then simplify if possible. 


T EXAMPLES ) 
Bais malonate 
a. 71% = 100 b. 10% = 100 ~ 10 
Ae ele 2 eel 
c. 4% = 100 > 25 d. 350% = 100 > 2 35 


To write a decimal as a percent, move the decimal point two places to the right 
and add a percent symbol. 


LEXAMPLES ] 
a. 0.93 = 0.93 = 93% b. 1.47 =1.4] = 147% 
c. 0.025 = 0.025 = 2.5% d. 0.005 = 0.005 = 0.5% 


To write a decimal as a fraction in lowest terms, first write the decimal as a 
fraction with a denominator of 100. Then simplify if possible. 


LEXAMPLES ] 
es yea 
a. 0.73 = 100 b. 0.25 = 1) 
eee By ae 
c. 0.05 = 100 ~ 20 d. 2.75 2500 25 


Student Resources 


It is simple to write a fraction as a percent if the denominator of the fraction is a 
factor of 100. If not, divide the numerator by the denominator. 


LEXAMPLES ] 
17 _ 17:4 _ 68 


7 : : 
a. 55 _ 25 is a factor of 100, so write 75 S54 > 100 Tc 68%. 


b.> 8 is nota factor of 100, so divide: 1 + 8 = 0.125 = 12.5%. 


c.> | 6isnota factor of 100, so divide: 1 + 6 = 0.1666... ~ 0.167 = 16.7%. 


Dl cole 


You should memorize the percent, decimal, and fraction relationships in this chart. 


Equivalent percents, decimals, and fractions 


= _ il lg qa el 26 —~ nn —2 
1% =0.01=71, | 334% =03=4 | 662% = 06 =% 
0s =01 =. 40% = 0.4 =2 15% = 0.75 => 

6=O01L= 75 es 6 = VID =F 

_ a2 = ee! _ _ 4 
20% =0.2=1 50% = 0.5 = 4 80% = 0.8 = 4 

5 2 5 
25% = 0.25 = 5 60% = 0.6 = 3 100% = 1 


PRACTICE 


Write the percent as a decimal and as a fraction or a mixed number in 
lowest terms. 


1. 63% 2. 7% 3. 24% 4. 35% 5. 17% 
6. 125% 7. 45% 8. 250% 9. 334% 10. 96% 
11. 62.5% 12. 725% 13. 5.2% 14. 0.8% 15. 0.12% 


Write the decimal as a percent and as a fraction or a mixed number in 
lowest terms. 


16. 0.39 17. 0.08 18. 0.12 19. 1.5 20. 0.72 
21. 0.05 22. 2.08 23. 4.8 24. 0.02 25. 3.75 
26. 0.85 27. 0.52 28. 0.9 29. 0.005 30. 2.01 


Write the fraction or mixed number as a decimal and as a percent. Round 
decimals to the nearest thousandth. Round percents to the nearest tenth 
of a percent. 


7 13 ul 3 Bs 
31.45 a2. 33. 55 34.75 25. 

3 1 19 i il 

36. 25 37.5, 38. 35 39. 5 40. 352 

3 3 oo lt S_ 

41.2 42. 32 43. 72 44. 85 45. 155 
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USING PERCENT 


A fraction shows what part one number is of another. You can first write a 
fraction to determine what percent one number is of another. 


What percent of 120 is 48? 


SOLUTION First write a fraction that compares 48 to 120: a 
= = 04 Write the fraction as a decimal. 


= 40% Write the decimal as a percent. 
> 48 is 40% of 120. 


To find a percent of a given number, first write the percent as a decimal or as a 
fraction. Then multiply. 


What is 75% of 160? 

SOLUTION 75% = 4 Write 75% as a fraction. 
3 x 160 =120 Multiply. 

> 75% of 160 is 120. 


What is 6% of $29.95? 


SOLUTION 6% = 0.06 Write 6% as a decimal. 
0.06 X $29.95 = $1.797 Multiply. 
= $1.80 Round to the nearest cent. 


> To the nearest cent, 6% of $29.95 is $1.80. 


BE cae cesta ce eg ented apa ected ace ta cases ec 
: Find the answer. 
: 1. What percent of 90 is 15? 2. 12 is what percent of 60? 3. What percent of 80 is 30? 
4. What percent of 60 is 90? 5. What percent of 90 is 60? 6. 6 is what percent of 120? 
7. 15 is what percent of 90? 8. What percent of 18 is 4.5? 9. 18 is what percent of 96? 
Find the number. Round sums of money to the nearest cent. 
10. 38% of 250 11. 12% of 75 12. 25% of 84 13. 50% of 96 
14. 42% of 115 15. 334% of 114 16. 5.5% of $102.95 17. 70% of 60 
18. 665% of 48 19. 8% of $12.99 20. 150% of 90 21. 4.5% of $75 


22. You are charged 6.5% tax on a $42 purchase. Find the amount of the tax. 
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RATIO AND RATE 


POO OOO HCEEEHOOHO SHOES O TOS ESOOOE EES OSSOTESEOHOOH OES OSEOSESEOSOOE TES OSEOS OE EOHOOT ESS OSEOS OS EOTSO TEE SOSE OSES EEHS OSES TOSSES OES 


A ratio compares two numbers using division. If a and b are two quantities 


measured in the same units, then the ratio ofa to Db is = The ratio of a to b can 


be written in three ways: a to b, a: b, and re 


Write the ratio 7 to 15 in three ways. 


SOLUTION 7to15 7:15 5 


Write the ratio 12 to 60 in lowest terms. 


SOLUTION 12 to60 = — First write the ratio as a fraction. 


2 
60 
< Then write the fraction in lowest terms. 


If a and b are two quantities measured in different units, then the rat 


is arate per one unit of a given quantity. To determine a unit 


rate, write the rate with a denominator of 1. 


A car traveled 648 miles using 18 gallons of gas. Find the unit rate 
in miles per gallon. 


miles  & os = “ 


SOLUTION 
gallons 


> The unit rate is 36 miles per gallon. 


PRACTICE 
Write each ratio in lowest terms. 

1. 75 to 20 2. 162 : 36 3. 28 4.21:15 

60 . 216 

5. 85 6. 42 to 72 7. 136: 24 8. 120 

9. 24 cars to 36 cars 10. 39 students : 104 students 11. 75 hours to 35 hours 
12. 8 hours : 2 hours 13. 9 inches to 36 inches 14. 48 hours to 10 hours 
Find each unit rate. 
15. $90 for 4 tickets 16. $51 for 6 hours 17. 208 miles in 4 hours 
18. $1050 in 6 weeks 19. 476 miles for 17 gallons 20. 128 ounces for 16 people 
21. $2.70 for 27 minutes 22. $8.67 for 3 notebooks 23. 65 meters in 3 seconds 
24. 18 hours in 4 days 25. $476 for 425 miles 26. $50 for 5 hours 
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COUNTING METHODS 


POCO HOSES EEEH OOS SOSH O TOE EOEOOHEESOSSOSESEOHOOH OES OSEOSESEOSOOE EES OSEOSE SESH OOT ESS OSEOSOSEOTSOTEESOSS OSES EOHSO EEE TOSSES OES 


Suppose your family’s favorite pizza toppings are hamburger, sausage, pepperoni, 
mushroom, onion, and pepper. You have to choose one meat topping and one 
vegetable topping. How many choices are possible? 


There are many ways to answer that question, including making a list, drawing 
a tree diagram, and using the counting principle. 


Make a list to determine the number of topping choices. 
SOLUTION Pair each meat topping with each vegetable topping. 


hamburger, mushroom hamburger, onion hamburger, pepper 
sausage, mushroom sausage, onion sausage, pepper 


pepperoni, mushroom pepperoni, onion pepperoni, pepper 
> There are nine possible choices. 


Use a tree diagram to determine the number of topping choices. 


SOLUTION Draw a tree diagram and count the number of branches. 


MEAT VEGETABLE 
mushroom 

hamburger ae onion 
pepper 


mushroom 
sausage a onion 
pepper 
mushroom 
pepperoni << onion 
pepper 


> The tree has nine branches. There are nine possible choices. 


THE COUNTING PRINCIPLE When one item is selected from each of two or 
more lists, the total number of possible combinations is the product of the 
number of items in each list. 


Use the counting principle to determine the number of 
topping choices. 


SOLUTION Multiply the number of meat choices by the number of 
vegetable choices. 


3 meat choices X 3 vegetable choices = 9 possible topping choices 


} There are nine possible choices. 


1788 Student Resources 


In situations involving a greater number of items, it may not be practical to make 
a list or to draw a tree diagram. Use the counting principle instead. 


One state plans to issue a series of license plates using codes 
consisting of three letters followed by two digits. Letters and digits may both be 
repeated. How many different plates are possible? 


SOLUTION Use the Counting Principle. 


26 choices 26 choices 26 choices 10 choices 10 choices 
for first x for second x for third x for first x for second 
letter letter letter digit digit 


26 X 26 X 26 X 10 X 10 = 1,757,600 
> There are 1,757,600 different license plates possible. 


PRACTICE 


Use the indicated method to answer each question. 


1. Jacob is choosing an outfit from three pairs of jeans and three shirts. The 
jeans are blue, black, and gray. The shirts are white, blue, and yellow. How 
many such outfits are possible? (Make a list.) 


2. The student council is selling sweatshirts with the school 
name and emblem. The shirts come in the colors, styles, Sweatshirt Choices 
and sizes shown at the right. How many different types Se 
of sweatshirt are available? (Make a tree diagram.) 


| 
3. There are 270 girls and 210 boys enrolled in the 
| 


Colors: white, gray, black 
Styles: hooded, plain 


Jefferson School. The cover of the yearbook will show a Sizes: small, medium, large 
photograph of a pair of students, one girl and one boy. a a 
How many different pairs of students are possible? (Use Ex. 2 


the counting principle.) 


Answer each question using any method you choose. 


4. A student can choose one sandwich, one salad, and one piece of fruit in the 
cafeteria. The choices include the following: grilled cheese sandwich, 
hamburger, tuna sandwich, garden salad, fruit salad, apple, banana, and 
orange. How many different lunches are possible? 


5. In a given calling area, telephone numbers have the same three first digits. 
The four-digit number that follows is different for each telephone number. 
How many numbers are possible? 


6. A radio host plans to play one song from each of three CDs by a single artist. 
The first CD includes 12 songs. The second includes 14 songs, and the third 
includes 13 songs. How many different combinations are possible? 


7. Members of a video club choose a personal identification number (PIN) 
consisting of two letters followed by two digits. How many PINs are possible 
if letters and digits may be repeated? How many are possible if neither letters 
nor digits may be repeated? 


Skills Revieww Handbook 


PERIMETER, AREA, AND VOLUME 


2 L 
6 4 
4 4 w| rectangle |w 
5 Vy 
P=6+5+4 P=44+24+44+5 P=Il+wtl+w 
=15 = 15 = 21+ 2w 


Find the perimeter of a rectangle with length 14 centimeters and 
width 6 centimeters. 


SOLUTION P = 2/ + 2w = (2 X 14) + (2X 6) = 28+ 12 = 40 
> The perimeter is 40 centimeters. 


A regular polygon is a polygon in which all the angles have the same measure 
and all the sides have the same length. The perimeter of a regular polygon can be 
found by multiplying the length of a side by the number of sides. 


regular (equilateral) triangle aa regular pentagon 
P=3s P=A4s P=5s 


The area A of a figure is the number of square units enclosed by the figure. 


£ 
5 s 


A=5xX3 A = length X width A = side X side 
= 15 square units =I1xXw aa an) 
= lw ii 


Find the area of a square with sides 15 inches long. 


SOLUTION A = s* = 152 = 225 


> The area is 225 square inches. 


Student Resources 


Volume is measured in cubic units. 


One such unit is the cubic centimeter (cm’). It is 
the amount of space enclosed by a cube whose 
length, width, and height are each 1 cm. 


of a space figure is the amount of space enclosed by the figure. 


1cm 


1cm 


_ SHEE | , 


V=6X2Xx3 V=I1XwxXh 


= 36 cubic units 


Find the volume of a box with length 8 feet, width 5 feet, and 


height 9 feet. 


SOLUTION V=/XwxXh=8X5X9= 360 
> The volume is 360 cubic feet (ft?). 


PRACTICE 
Find the perimeter of each figure 
1. 10 2. 0.5 in 
10 0.5 in 


5. a square with sides of length 18 ft 
Find the area of each figure. 

7. a square with sides of length 29 yd 

9. a square with sides of length 3.5 in. 
11. a square with sides of length 7.2 cm 
13. a square with sides of length 45 km 
Find the volume of each box. 


15. a cube with sides of length 25 ft 


21 ft 


“en 3.5m 


6. arectangle with length 6 m and width 7 m 


8. arectangle with length 7 km and width 4 km 
10. a rectangle with length 24 ft and width 6 ft 


12. a rectangle with length 7.5 in. and width 8 in. 
14. a rectangle with length 5.3 m and width 4 m 


16. a cube with sides of length 4.2 cm 


17. a box with length 15 yd, width 7 yd, and height 4 yd 
18. a box with length 7.3 cm, width 5 cm, and height 3.2 cm 


19. a box with length 5.3 in., width 4 in., and height 10 in. 
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DATA DISPLAYS 


A bar graph can be used to display data that fall into distinct categories. The 
bars in a bar graph are the same width. The height or length of each bar is 
determined by the data it represents and by the scale you choose. 


In 1998, baseball player Mark McGwire hit a record 70 home Field location Number of 
runs. The table shows the locations to which the home runs were hit. Draw a home runs 
bar graph to display the data. > Source: The Boston Globe left 31 
SOLUTION left-center 21 
@ First, choose a scale. Since the data range from 0 to 31, make the scale center 15 

increase from 0 to 35 by fives. : 

right-center 

Wray and label Home Run Field Location right 

the axes. Mark 


intervals on the 30 
vertical axis 


oe 
according to the g : 20 
scale you chose. g . 
Ze WO 
© Draw a bar for 
each category. 0 —_ 
left left center — right- right 
© Give the bar center center 
graph a title. Field location 


A histogram is a bar graph that shows how many data items occur within 
given intervals. The number of data items in an interval is the frequency 
for that interval. 


The table shows the distances of McGwire’s home runs. Distance (ft) | Frequency 
Draw a histogram to display them. 301-350 4 
SOLUTION Use the same method you used for drawing the 351-400 24 
bar graph above. However, do not leave spaces between the bars. 401-450 27 
Since the frequencies range from 4 to 27, make the scale 451_500 ul 
increase from 0 to 30 by fives. — 

Draw and label the Home Run Distances ee . 
axes. Mark 30 

intervals on the 

vertical axis and S 20 

draw a bar for each = 

category. Do not 2 

leave spaces 


between the bars. 


ot 
[e) oS 
Jas 


ay x cy a) s) 
: ‘ PO PO RO RPO BM. 
Give the histogram L e eo S ra 


a title. Distance (ft) 


Student Resources 


A line graph can be used to show how data change over time. 


A science class recorded the highest temperature each day from 
December 1 to December 14. The temperatures are given in the table. Draw a 
line graph to display the data. 


Date 1 2 3 4 5 6 7 
Temperature (°F) | 40 | 48 | 49 | 61 24 | 35 | 34 
Date 8 9 10 | 11 12 |} 13 | 14 
Temperature (°F) | 42 | 41 | 40 | 22 | 20 | 28 | 30 


SOLUTION 

@ Choose a scale. _ 
i 60 

© Draw and label the axes. * 
Mark evenly spaced 3 40 

intervals on both axes. : 
, 2 20 

© Graph each data item as a 5 
point. Connect the points. 7 é 


Give the line graph a title. 


Daily High Ternperature Dec. 1- Dec. 14 
t 


1 


A circle graph can be used to show how parts relate to a whole and to each other. 


The table shows the number of 


SOLUTION 


sports-related injuries treated in 
a hospital emergency room in 
one year. Draw a circle graph 
to display the data. 


@ To begin, find the total number of injuries. 
56 + 34 + 22+ 10 +28 = 150 


To find the degree measure for each sector of the circle, 
write a fraction comparing the number of injuries to the 
total. Then multiply the fraction by 360°. For example: 


. 34 360° = 81.6° 
Football: 150 360° = 81.6 


@® Next, draw a circle. Use a 
protractor to draw the angle 
for each sector. 


© Label each sector. 
© Give the circle graph a title. 


Related sport Number of injuries 
basketball 56 
football 34 
skating/hockey 22 
track and field 10 
other 28 
Sports-related Injuries 
Basketball 56 Football 34 
Skating/ 
} Hockey 22 
/ Track and 
Cmey ee field 10 
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PRACTICE 


PO OCOO SESE OHHH ESOSSOT OEE ESO OH EES OSSOTE TESTO OH EEO OSEOS ES EOSOOH EES OSEOSOSESHO OE ESS OSES OS EOOOOT EES OSS OT OE ESHS OSES SOSEOTOES 


In 1998, baseball player Sammy Sosa hit 66 home runs. The tables show 
the field locations and distances of his home runs. > Source: The Boston Globe 


1. The location data range from 10 to ; 
8 Field location Number of Distance (ft) Frequency 


22. The scale must start at 0. Choose henetee 
a reasonable scale for a bar graph. 326-350 5 
left 12 
2. Draw a bar graph to display the field 351-375 12 
locations of Sosa’s home runs. left-center 22 376-400 14 
3. The distance data range from | to 16. ceil 10 401-425 16 
The scale must start at 0. Choose a right-center 11 426-450 14 
reasonable scale for a histogram. right Wl iota 
4. Draw a histogram to display the Exé. 1 and? 
distances of Sosa’s home runs. aia 476-500 4 
Exs. 3 and 4 


5. There are 150 runs at the Mountain Mania ski resort, including 51 expert 
runs, 60 intermediate runs, and 39 beginner runs. Draw a circle graph to 
display the data. 


6. A nurse recorded a patient’s temperature (°F) every 3 hours from 9 A.M. 
until noon of the following day. The temperatures were 102°, 102°, 101.5°, 
101.1°, 100°, 101°, 101.5°, 100°, 99.8°, and 99°. Draw a line graph to 
display the data. 


Choose an appropriate graph to display the data. Draw the graph. 


7. Value of one share of Company Stock 
Year 1994 | 1995 | 1996 | 1997 | 1998 | 1999 
Value ($) 15 18 16 12 10 15 
8. Passenger Car Stopping Distance (dry road) 


Speed (mi/h) 35 45 55 65 
Distance (ft) 160 225 310 410 


9. Fat in One Tablespoon of Canola Oil 


Type of fat Number of Grams 

saturated 1 
polyunsaturated 4 
monounsaturated 8 


> Source: U.S. Department of Agriculture 


10. Population of Meridian City by Age 


Age Under 5 65 and older 
Population 912 1502 
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PROBLEM SOLVING 


POPC O OHO TEEHOOH EES O EOE T EE SOEH ESO O SEES TES SOOT SEES EOE T ES SOSE OSES ESET EES OESOEE SEES ESO OES OSES ESEDETES HOES OTEEEEES 


One of your primary goals in mathematics should be to become a good problem 
solver. It will help to approach every problem with an organized plan. 


STEP (1) UNDERSTAND THE PROBLEM. 
Read the problem carefully. Organize the information you are given 
and decide what you need to find. Determine whether some of the 
information given is unnecessary, or whether enough information is 
given. Supply missing facts, if possible. 


STEP ® MAKE A PLAN TO SOLVE THE PROBLEM. 
Choose a strategy. (Get ideas from the list given on page 796.) 
Choose the correct operations. Decide if you will use a tool such as 
a calculator, a graph, or a spreadsheet. 


STEP (3) CARRY OUT THE PLAN TO SOLVE THE PROBLEM. 
Use the strategy and any tools you have chosen. Estimate before 
you calculate, if possible. Do any calculations that are needed. 
Answer the question that the problem asks. 


STEP @ CHECK TO SEE IF YOUR ANSWER IS REASONABLE. 
Reread the problem and see if your answer agrees with the given 
information. 


2.C\\) 539 How many segments can be drawn between 7 points, no three of 
which lie on the same line? 


@ You are given a number of points, along with the information that no three 
points lie on the same line. You need to determine how many segments can 
be drawn between the points. 


© Some strategies to consider are: draw a diagram, solve a simpler problem and 
look for a pattern. 


© Consider the problem for fewer points. 


— A Xx R 


2 points 3 points 4 points 5 points 


1 segment 3 segments 6 segments 10 segments 


Look for a pattern. Then continue the pattern to find the number of segments 
for 7 points. 


Number of points 2 3 4 5 6 7 


Number of segments 1 3 6 10 15 21 

Sesto st ys Js eats a 

> Given 7 points, no three of which lie on the same line, 21 segments can be 
drawn between the points. 


® You can check your solution by making a sketch. 
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In Step 2 of the problem solving plan, you may want to consider the following strategies. 


PROBLEM SOLVING STRATEGIES 


: ° Guess, check, and revise. When you do not seem to have enough information. 
: ¢ Draw a diagram or a graph. When words describe a picture. 

¢ Make a table or an organized list. When you have data or choices to organize. 

; ¢ Use an equation or a formula. When you know a relationship between quantities. 
° Use a proportion. When you know that two ratios are equal. 

: ¢ Look for a pattern. When you can examine several cases. 


Break the problem into simpler parts. © When you have a multi-step problem. 


* Solve a simpler problem. When easier numbers help you understand a problem. 
° Work backward. When you are looking for a fact leading to a known result. 
PRACTICE 


1. Tasha bought salads at $2.75 each and cartons of milk at $.80 each. The total 
cost was $16.15. How many of each did Tasha buy? 


2. A rectangular garden is 45 feet long and has perimeter 150 feet. Rows of 
plants are planted 3 feet apart. Find the area of the garden. 


3. If five turkey club sandwiches cost $18.75, how much would 
seven sandwiches cost? 


4. How many diagonals can be drawn from one vertex of a 12-sided polygon? 


5. Nguyen wants to arrive at school no later than 7:25 A.M. for his first class. 
It takes him 25 minutes to shower and dress, 15 minutes to eat breakfast, 
and at least 20 minutes to get to school. What time should he plan to get out 
of bed? 


6. There are 32 players in a single-elimination chess tournament. That is, a 
player who loses once is eliminated. Assuming that no ties are allowed, how 
many games must be played to determine a champion? 


7. Andrea, Betty, Joyce, Karen, and Paula are starters on their school basketball 
team. How many different groups of three can be chosen for a newspaper 
photo? 


8. Carl has $135 in the bank and plans to save $5 per week. Jean has $90 in the 
bank and plans to save $10 per week. How many weeks will it be before Jean 
has at least as much in the bank as Carl? 


9. The Peznolas are planning to use square tiles to tile a kitchen floor that is 
18 feet long and 15 feet wide. Each tile covers one square foot. A carton of 
tiles costs $18. How much will it cost to cover the entire kitchen floor? 
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Extra Practice 


POCO Oe SESE ESE E ESET EEE E SEES EEE EHEH TEE OEET EE EEHEETEHSEETEESE TESOL ETEESEET EL EEHEELETEEE TEESE EE EEE ELLOS 


CHAPTER 1 


Evaluate the expression for the given value of the variable. (Lesson 1.1) 


1. 15a when a = 7 2.0.75 + x when x = 2.25 3. y — 14 when y = 32 
4. 55 when c = 391 5. 7215 when d = 3 6. ++<whenz = 4 
Evaluate the expression for the given value(s) of the variable(s). (Lesson 1.2) | 
7. 3y* when y = 5 8. (4x)* when x = 2 9. 6x* when x = 4 
10. a* — 5 when a = 3 11. (x + 2)? when x = 4 12. (c — d)? when c = 10 andd = 3 
Evaluate the expression for the given value of the variable. (Lesson 1.3) 
13. 3a” + 8 when a = 5 14. 44 — 4c whenc = 7 15. (d* — 6) + 5 whend = 3 
Evaluate the expression. (Lesson 1.3) 
16. 3° — 12 +4 17.102 +4+6 18. 102 = (4+ 6) 19, 2 
5.8 = 6 
20. 3 + 7(3.5 + 5) 21.2+21+3-6 22.50 +(6>—11)-2  23.[(5-23) +8] = 16 
Use mental math to solve the equation. (Lesson 1.4) 
24.x+7= 13 25. 3y = 21 26. 8t — 1 = 23 27.7 = 6 
Check whether the given number is a solution of the inequality. (Lesson 1.4) 
28. y + 10 < 22; 12 29. 2n + 5 > 15;8 30. 7d > 15 — d;2 31, <1 <3; 5 
32. b(2b — 5) < 40; 6 33. 12x > x + 27;3 34. 17 — 3t=3;4 35. r(r — 7) = 16;9 
36. Your friend’s score in a game is 225. This is 25 more than twice your score. 
Write an equation to model the situation. What is your score? (Lesson 1.5) 
Write the verbal sentence as an equation or an inequality. (Lesson 1.5) 
37. Thirteen less than the product of 25 and a number n is 37. 
38. The sum of five and a number y is less than twelve. 
39. WIRELESS INDUSTRY The table shows the estimated number of cellular 
telephone subscribers (in millions) in the United States. Make a bar graph 
and a line graph of the data. (Lesson 1.6) 
Year 1993 | 1994 | 1995 | 1996 | 1997 | 1998 
> Source: Cellular Telecommunications Industry Association 
Make an input-output table for the function. Use 0, 1, 2, and 3 as the domain. 
Then draw a line graph to represent the data in the table. (Lesson 1.7) 
40. y= 8 — 2x 41..y=45+x 42.y=7x+1 43.y=x 


Extra Practice 


CHAPTER 2 


Graph the numbers on a number line. Then write two inequalities that 
compare the two numbers. (Lesson 2.1) 


1. —7 and 8 2. —5.2 and 3.6 3. —2.4 and —2.5 4. 13 and 12 


Evaluate the expression. (Lesson 2.1) 
5. | 8.5| 6. |-3| 7. |-4| +3 8.7— |-5| 


Find the sum. (Lesson 2.2) 


9.-3+8 10. 18 + 27 11.5 + (-7) 12. —4 + (-11) 
13. =4 + 13 + (—6) 14.15 +(—12)+(-4) 15.-2+(-9)+8 16. 17 + (—5) + 15 
Evaluate the expression. (Lesson 2.3) 

17.—-8—5 18. 4.1 — 6.3 19..—3 = 7) 20. —6 + (—3) —4 
21.3.6-24—-(-61) 22.-15+4-12 23.11 = (6) = 7 24,7 - 5+ (-4) 
Find the sum or the difference of the matrices. (Lesson 2.4) 

8 —4 —2 6 3 -6 5 69 —-6 8 3 3 -6 7 
ae E | a ie a] 26: 3 7 E =| ah 4 2 ;| * Ls —5 | 
Simplify the expression. (Lesson 2.5) 

28. (—6)(—7) 29. (—5)(9) 30. (3)(—8)(—2) 31. (—8)(—4x) 
32. —3(—y)(—y) 33. (—c)*(c) 34. (—7)*(b)(—b) 35. —4(-a’*) 
Use the distributive property to rewrite the expression without 
parentheses. (Lesson 2.6) 
36. 6(y+ 5) 37. 4(a — 6) 38. (x + 3)(—5) 39. —r(r — 5) 
40. —k(7 +k) 41. (x + 4)6x 42. s(s — 5”) 43. (0.5z — 1.4)6 
Simplify the expression. (Lesson 2.6) 
44. 3x + 7x 45. 5.4m — 2.3m 46. 82p — (—29p) 47.6—4t—4 
48.5 + 4(x — 2) 49. 8x7 +5 — 2x? 50. 2x(7 — x) + 3x? 51. Sx + C4). 
Simplify the expression. (Lesson 2.7) 
52. 18 + (-2) 53. —48 + 12 54. 16 ~ (-$) 55. a ae 5 
56. 21x +7 57. 8x + -4) 58. —24x + 3) 59, 2 

3 


60. PROBABILITY You randomly choose a button from a bag containing 
9 yellow, 7 green, 11 blue, and 9 red buttons. What is the probability 
that you choose a red button? (Lesson 2.8) 


Given the probability, find the odds. (Lesson 2.8) 
61. The probability of scoring the basket is 0.20. 62. The probability of winning the election is ‘ 


Student Resources 


CHAPTER 3 


Solve the equation. (Lesson 3.1) 


1.y—6=8 2.n+5=—10 3..a— (—6) = 22 4.14-r=3 
5. |-7| +k=4 6.t+m=-2 P= -3)=0 ee ee ee eee | : 
Solve the equation. (Lesson 3.2) : 
9. 7x = 35 10. 6a = 3 1, = -2 12. 21 =0 
13. |—5| = 15b 14, Zr = 3 5. = 16. —2 = 3k 


Solve the equation. (Lesson 3.3) 


17. 6x + 8 = 32 18.2x—1=11 19. -—-x—5+3x=1 20. 4(x — 9) = 8 
3 

21.34 —7=17 22.x=2x-1)+6 23.4=-2-1 24, —5 = (x — 1) 

Solve the equation if possible. (Lesson 3.4) 

25.—-6 + 5x = 8x —9 26. 8x + 6 = 3(4 — x) 27.4(Jx +3) = 2x +2 

28. —3(—x — 4) =2x+1 29. 4x = —2(—2x + 3) 30. —4(x — 3) = 6(x + 5) 


31. PHOTO FRAMING A photo measuring 5 inches by 7 inches is placed in a 
frame that adds a 1-inch border around the photo. Sketch a diagram of the 
photo and frame. What is the total width and length of the frame? (Lesson 3.5) 


Solve the equation. Round the result to the nearest hundredth. (Lesson 3.6) 
32. 4x = 82.50 33. —26x — 59 = 135 34, 2.3 — 4.8x = 8.2x + 5.6 
35. 18.25x — 4.15 = 2.75x 36. 3(3.1x — 4.2) =6.2x4+ 3.1 37. 8.4% — 3.2 = 4.1.4 — 2.1x) 


38. BICYCLING If you ride your bike for 2.5 hours and travel 37.5 miles, what 
is your average speed? (Hint: Solve d = rt for r.) (Lesson 3.7) 


Rewrite the equation so that yis a function of x. Then use the result to find 
y when x = —2, —1, 0, and 1. (Lesson 3.7) 


39.3 —y=x 40. 6x — 2y = 10 41. —-6x-—1=-—4y+2 
_ 1 1. = 
42. —2y — 3x - 16=0 43. 5x — 5y = 6 44. —2(x — 4) = 2(y + 5) 


Find the unit rate. (Lesson 3.8) 


45. $3 for 5 yogurt snacks 46. $50.75 for working 7 hours 47. Drive 122 miles in 2.5 hours 


Convert the measure. Round your answer to the nearest hundredth. (Lesson 3.8) : 
48. 24 miles to kilometers (1 mile = 1.609 km) 49. 6 fluid ounces to cups (1 cup = 8 fluid ounces) 
Find the percent. Round to the nearest whole percent. (Lesson 3.8) 

50. Tax of $1.00 on an item priced at $19.99 51. 9 field goals made out of 14 attempted 

52. $4.50 tip on a restaurant bill of $22 53. 127 surveys returned out of 350 


Extra Practice 


CHAPTER 4 
Plot and label the ordered pairs in a coordinate plane. (Lesson 4.1) 
1: A(2, 4), B—2,0), CS, —2) 2. A(4, 4), B(O, —2), C(-3, —3) 3. A(4, —4), B(2.5, 5), C(—3, 2) 
4. A(O, —1), BU, —3), C3, 1) 5. A(—4, —2), B(—2, 4), C(4,0) 6. A(—3, —4), BU, —1), C1, 1) 
Use a table of values to graph the equation. (Lesson 4.2) 
7.y=5x4+1 8. y= —2x+4 9.y=-2 10.4x+ y=—8 
11. x =3 12. y= —(6 + x) 13. y=4r-1 14. y= 
Find the x-intercept and the y-intercept of the line. Graph the equation. 
Label the points where the line crosses the axes. (Lesson 4.3) 
15.5x+y=-5 16. 2x -—y=6 17. y=2x-—5 18. 6y + 2x = 12 
19. 14 =y— 2x 20. 8x + 2y = —16 21. y= 6 — 3x 22. 1.5y =x — 3 
Find the slope of the line passing through the points. (Lesson 4.4) 
23. (6, 1), (—4, 1) 24. (2, 2), (—1, 4) 25. (0, 6), (—3, 0) 26. (4, 5), (2, 2) 
27. (4, 2).{—3,—3) 28. (3, 6), (3, —1) 29. {—1,0),.(0, —1) 30: 2, —3), 0; =) 


The variables x and y vary directly. Use the given values to write an 
equation that relates x and y. (Lesson 4.5) 


31.x=6,y = 18 32.x=4,y=1 33.x = 8,y=—-7 34... = —4,y = -10 
35.x = -—2,y=—-2 36.x = 8, y= —-4 37.x=25,y=2 38. x = 2.1, y = -6.3 


39. EARNINGS Your earnings vary directly with the number of hours you work. 
If you earn $60 for 4 hours of work, how much will you earn for working 
35 hours? (Lesson 4.5) 


Write the equation in slope-intercept form. Then graph the equation. 


(Lesson 4.6) 
40.x-y=1 41.y=3 42. —3x+ 2y=6 43.y+4=0 
44.x=2y+1 45.2%x+y+1)=4y 46.2x-4y+6=0 47.5x —3y+2=14—- 4x 


Solve the equation graphically. Check your solution algebraically. (Lesson 4.7) 
48.6 —5x=1 49. 2x = —12 50. 6x + 8 = 2x 51. 8x + 3 = 19 


B2. <x — 2 = 6 53. 15 — 2x = 3x Ba. ox + 5 = —2 55 = a= <3 ey 


Decide whether the relation is a function. (Lesson 4.8) 


56. Input Output 57. } Input Output _| 58. y 59. Input Output 


NY] LO !]Ss 
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CHAPTER 5 

Write an equation of the line in slope-intercept form. (Lesson 5.1) 
1. The slope is 2; the y-intercept is 1. 2. The slope is —3; the y-intercept is —2. 
3. The slope is 1; the y-intercept is —3. 4. The slope is —4; the y-intercept is 0. 


Write an equation of the line that passes through the point and has the 
given slope. Write the equation in slope-intercept form. (Lesson 5.2) 


5. (-1,0),m =3 6. (5, 2), m = —2 7. (3, 6),m=0 8. (—2, 1), m = —5 


9. (-3, -1),m=4 10. (1, 5),m=8 11. (2,-1),m=4 12. (-4, 3),m = — 


Write an equation in slope-intercept form of the line that passes through 
the points. (Lesson 5.3) 


13. (3, —2), (5, 4) 14. (2,17), 1, =1) 15. (5, 1), (0, —6) 16. (—2, —1), (4, —4) 
17. (-1, 7), (5, 7) 18. (0, 0), (2, 3) 19. (—3, 5), (—6, 8) 20. (5, 2), (1, 14) 


Draw a scatter plot for the data. Draw a best-fitting line and write an 
equation of the line. (Lesson 5.4) 


21. am —1 0 1 3 4 5 22. | 2 2.5 3 3 3.5 4 
y 0 | -l 1 3 2 4 y 2 =1 1 =3 |) -=2 | =4 


Write the point-slope form of the equation of the line that passes 
through the point and has the given slope. Then rewrite the equation 
in slope-intercept form. (Lesson 5.5) 


23. (5, 3),m = —2 24, (3, 7),m = —3 25. (5,4), m= 5 26. (-2, —4),m => 
27. (-3, —5),m= -2 28. (0, 8), m = 4 29. (2, 4),m = —4 30. (-1, -7),m=4 
Write an equation in standard form of the line that passes through the 

given point and has the given slope, or that passes through the two points. 

(Lesson 5.6) 

31. (5, —2),m = 3 32. (1, 2), (3, 4) 33. (1,0), (—5,-3) 34. (4,3), m= -2 
35. (-3, 7), (1,7) 36. (5, 7),m = 3 37. (-2,-5),m=5 38. (4, -2), (4,5) 


WIND CHILL Wind chill is based on the combined effects of temperature 
and wind speed. The table shows the wind chill for various temperatures 
(in degrees Fahrenheit) when the wind speed is 5 miles per hour. (Lesson 5.7) 


Temperature [ieR) 30 | 25 | 20 | 15 10 
Wind chill 32 | 27 | 22 | 16 |} 11 6 


39. Make a scatter plot of the data. 


40. Write a linear model for the data. 


41. Use the linear model to estimate the wind chill at 5° Fahrenheit. 


Extra Practice 


CHAPTER 6 


Solve the inequality and graph its solution. (Lesson 6.1) 


1.x+5>-4 2.m—4< —20 3.3=2=y-4 4. 9x = 36 
k _ ak el at 


Solve the inequality. (Lesson 6.2) 

9.0=41 +6 10. 2x +5 <8 11. 3x+ 82-2 +3 

12, 3% = 7S! 13. —@+ 5) < —4x-11 14, —@4 + a) 2G = 35) 
Solve the inequality and graph the solution. (Lesson 6.3) 

15.82=x+4>3 16. —36 S 6x < 12 17. =15 < =3%< 18 

18. 2x + 1>9o0r3x-5 <4 19.x+1>40r2x+3<5 20. —4x + 1=170r5x-4>6 
Solve the equation or the inequality. (Lesson 6.4) 

21. |10+x| =4 22. |2x+3| =9 23. |x -4| +4=7 

24. |ox-5| +1<8 25. |3x+4| -6=14 26. |10 —4x| =2 
Sketch the graph of the inequality. (Lesson 6.5) 

27. y= -2 28.x-—y=0 29.x+y=5 30. 4y+x<4 
31.x-— 3y <0 32. 3y — 2x <6 33. 5x — 3y > 9 34. 2y —x> 10 


35. PURCHASING SNACKS You have $20 to spend on snacks for your friends. 
Each juice drink costs $2 and each bag of popcorn costs $1.25. Let x represent 
the number of drinks. Let y represent the number of bags of popcorn. Write 
and graph an inequality to model the numbers of juice drinks and popcorn 
bags you can buy. (Lesson 6.5) 


Make a stem-and-leaf plot for the data. (Lesson 6.6) 


36. 18, 31, 98, 71, 22, 14, 20, 66, 18, 76, 33, 13 37. 13, 22, 40, 21, 45, 65, 66, 16, 31, 33, 41, 35, 51 
38. 3, 22, 41, 5, 63, 8, 17, 24, 60, 64, 39. 44, 19, 51, 2, 46, 8, 39, 41, 38, 39, 56, 
6, 55, 78, 91, 13, 32, 54, 72 27, 54, 43, 60, 62, 21, 49, 22, 63 
Find the mean, the median, and the mode of the collection of numbers. 
(Lesson 6.6) 
40. 8, 3, 2, 8, 1, 4, 8,5, 6 41. 13, 15, 17, 13, 11, 13, 9, 17, 4,8 
42. 3.2, 5.4, 2.3, 1.2, 3.2, 5.1, 4.2 43. 123, 151, 121, 112, 146, 112, 138 


Find the first, second, and third quartiles of the data. (Lesson 6.7) 

44. 8,6, 7, 4,9, 7,5 45. 16, 20, 76, 31, 14, 88, 54 

46. 41, 45, 10, 11, 31, 15, 18, 25, 33, 32 47. 19, 72, 93, 82, 22, 21, 14, 31 

Draw a box-and-whisker plot of the data. (Lesson 6.7) 

48. 6, 14, 8, 13, 5, 11, 9, 18, 3 49. 2,7, 8, 3,5, 7, 9,3 

50. 18, 22, 13, 9, 4, 31, 52, 40 51. 1, 8,21, 12,5, 2,9, 10, 4, 15, 3, 23, 31 


Student Resources 
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CHAPTER 7 


Graph and check to solve the linear system. (Lesson 7.1) 


1y=5 2.x=0 B.y=4x+5 4.5x + 3y = 15 
x=-2 y=3x+7 y= —3x+5 4x — 3y = 12 
5. y = -2x -6 6.x+y=10 7. —2x + 4y = 12 8. a(x +y) =1 


Use the substitution method to solve the linear system. (Lesson 7.2) 


Pe eeoeseeesesoesecseesoesecceesoeoeeceeeeoe®S 


9.x = 5y 10. y = —2x Wx+y=9 12. 2a + 3b =3 
2x + 3y = -13 x+y=7 x-y=3 a— 6b=—-6 

13.s—t=5 14. 5x — 8y = —-17 15.2m +n=7 16.5a+b=4 
3s + 4t = 16 3x =S5+y 4m + 3n = —10 Tat+ 5b=11 


Use linear combinations to solve the system of linear equations. (Lesson 7.3) 


17. 3x + 3y =6 18.3x+ 7y=- 1 19, 2x —Sy=1 20..x + 4y = 3 
2x — 3y =4 Ty = —6x 1 1 1 
gx toy=-l 7 — y) = 
21.2x + y=3(x—5) 22.2x+ 3y=15 23. y = 2x — 36 24. —4x — 15 = 5y 
x+5=4y+4 2x 3y + 5x = 12 3x — 0.5y = 26 2y = 11 — 5x 
25. CONCERT TICKETS You pay $105 for 8 tickets to attend a folk festival. 
Tickets for students cost $10 each and tickets for adults cost $15 each. How 
many of each type of ticket did you buy? (Lesson 7.4) 
PRINTING T-SHIRTS The tennis team wants to purchase T-shirts for its 
members. Company A charges a $20 setup fee and $8 per shirt. Company B 
charges a $10 setup fee and $10 per shirt. (Lesson 7.4) 
26. How many shirts would have to be purchased for the costs to be equal? 
27. Which company offers a better price for 12 shirts? 
Use any method to solve the linear system and tell how many solutions 
the system has. (Lesson 7.5) 
28.x+y=4 29.x+y=6 30.x + 2y =5 31. 12x -—y=5 
2x + 3y =9 3x + 3y =3 3x — 15 = —6y —8x+y=—5 
32. y = —3x 33. 2x — 3y =3 34. 3x +6=7y 35. 3x — 8y = 4 
by — x = 38 6x — 9y =9 x+2y=11 6x — 42 = loy : 
Graph the system of linear inequalities. (Lesson 7.6) : 
36. y=0 37.y>x4+1 38. x= 1 39.y+2<—-x 
x=0 y<xt+3 ytxss 2y—4> 3x 
40.x<5 41.y>x—-4 42. y>x—-3 43.3x-—1<5 
c= | y2-x-1 x-y>-2 —-x+ty=10 
y2=-2 y=0 x3 —S5x+2<12 


y<7 


Extra Practice 


CHAPTER 8 


Simplify, if possible. Write your answer as a power or as a product of 
powers. (Lesson 8.1) 


1. (77)(73) 2,252" 3. (12x) 4. —(4x)? + (5x) 
5. (4r2s)?(—257)9 6. (7xy) + (—2x') 7. (x)3(-Sy)” 8. (—x3)?(x)?(-x4)9 
Rewrite the expression with positive exponents. (Lesson 8.2) 
_ -2 6 
9. m4 10. @ 1.2. 12. 
ss 2 x (2a)~3 
3 0. 2 1 4b7! i 
13. —— 14. (—3t)’s 15. 6x° 16. 
54° ep gs? . z° ( 2a4 


Graph the exponential function. (Lesson 8.2) 
17.y=3* 18. y = —2* 19. y= 402" 20. y = ( i 


Simplify the expression. The simplified expression should have no negative 
exponents. (Lesson 8.3) 


3)5 

a o (ae) (a’) 
21. 22.5 23. | = 24. a5 

18b2c , Gab)? og a, (2)? 37, 502 22)" Fe (3 i. a5)? 

" 4bc3 5a°c3 "rs (s*)? ; ey) "\8 (8a~3x7!) 4 

29. You roll a die three times. What is the probability that you would roll a 

two each time? (Lesson 8.3) 
Rewrite in decimal form. (Lesson 8.4) 
30. 4.813 x 10° 31. 3.11 x 10+ 32. 8.4162 x 10°? 33. 9.43 x 10° 
34. 5.0645 x 10!° 35. 1.2468 x 10°? 36. 2.34 x 1078 37. 6.09013 x 101° 
Rewrite in scientific notation. (Lesson 8.4) 
38. 5280 39. 0.0378 40. 11.38 41. 33,000,000 
42. 827.66 43. 0.208054 44. 16.354 45. 0.000891 
INTEREST A principal of $1100 is deposited in an account that pays 
5% interest compounded yearly. Find the balance after the given number 
of years. (Lesson 8.5) 
46. | year 47. 10 years 48. 15 years 49. 25 years 
Classify the model as exponential growth or exponential decay. \dentify 
the growth or decay factor and the percent of increase or decrease per 
time period. (Lesson 8.6) 
50. y = 16(0.99)! 51. y = 22(0.5) 52. y = 8(1.12)' 53. y = 35(1.04)! 

t t 

54. y= 13(2) B54 110(3) 56. y= 4(1.5) 57. y = 9(0.68)! 


58. DEPRECIATION A piece of equipment originally costs $120,000. Its value 
decreases at a rate of 10% per year. Estimate its value after 6 years. (Lesson 8.6) 
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CHAPTER 9 


Evaluate the expression. Give the exact value if possible. Otherwise, 
approximate to the nearest hundredth. (Lesson 9.1) 


1. —V100 2. +V676 3. —V0.25 4. +V169 
5. V379 6. —V36 7. V220 8. V0.01 


Solve the equation or write no solution. Write the solutions as integers if 
possible. Otherwise, write them as radical expressions. (Lesson 9.1) 


9. x2 = 25 10. 4x7 =8 =0 11. x2 = —16 12.x7+1=1 
13. 3x2 — 48 =0 14. 6x7 +6 =4 15. 2x7 -6 =0 16.x7 —4=-3 


17. FALLING OBJECT A ball is dropped from a bridge 150 feet above a river. 
How long will it take for the ball to hit the surface of the water? (Lesson 9.1) 


Simplify the expression. (Lesson 9.2) 


18. V250 19. 6V8 + 7V2 20. V4 -3V2 21. —2V6 + 7V30 
11 v20 1/8 = ; ie 

22. 16 23. WE 24. 750 25. 3 3 

Sketch the graph of the function. Label the vertex. (Lesson 9.3) 

26. y = 3x7 27.y=x*-4 28. y = —x? — 2x 29. y=x>—6x+8 


30.y=4x°+4x-5 31.y=x7-2x4+3 32.y=—-x74+3xt+2 33. y=—-3x7+12x-1 
Represent the solution graphically. Check the solutions algebraically. (Lesson 9.4) 

34. x* — 6x =—5 35. x7 + 5x = —-6 36. x7 —3x=4 37. jx? = 9 

38. x7 + 3x = 10 39. x7-9=0 40. 4x7 + 2x = 6 41. —2x? + 4x + 6 =0 
Write the quadratic equation in standard form. Solve using the quadratic 

formula. (Lesson 9.5) 

42.x°+x=12 43. 3r7 + 2 = —8r 44. 3k° + 11k=4 45. —x° + 5x=4 

46. m* — 2m—4=-3 47. 2x? — 6x =5 48. b*> — 8 = 7b 49. 10 — 2x? = —x 


Find the discriminant for the equation. Then tell if the equation has 
two solutions, one solution, or no real solution. (Lesson 9.6) 


50. 3x7 + 14x -5=0 51.4x7+12x+9=0 52.x7+10x+9=0 53. 2x7 + 8x +8 =0 
54. 5x7 + 125 =0 55.x7—2x+35=0 #56.2x7-x—-3=0 57. —3x2 + 5x —6=0 


Sketch the graph of the inequality. (Lesson 9.7) 
58. y > —x7+ 4 59. y = 4x7 60. y > 5x7 + 10x 61. y <x? + 5x 
62. y= —-3x7-6x +4 63. y<x7-4x+3 64.ys—x7+4x +5 65. y= —x° + 8x-1 


Make a scatter plot of the data. Then name the type of model that best fits 
the data. (Lesson 9.8) 


66: CL, —15), 23,2), 05,005, =) AGS, 1.2, 23), (0,-0.5) 
67. (4, 6), (—2, 12), (3, 2), (2, 0), (1, 0), ©, 2), G, 12), (—1, 6) 


Extra Practice 


CHAPTER 10 


Use a vertical format or a horizontal format to find the sum or the 
difference. (Lesson 10.1) 


1. (7x7 — 4) + (x7 + 5) 2. (3x7 — 2) — (2x — 6x?) 3. (8x — 3x + 7) + (6x? — 4x + 1) 
4. (—2 + 3z) + (-2? — 42-6) 5. (5x7 + 7x — 4) — (4x7 — 2x) 6. (a + 2at — 5) — (a? + 2a* + 5a) 


Find the product. (Lesson 10.2) 


7. x(4x” — 8x + 7) 8. —3x(x* + 5x — 5) 9. 5b°(3b> — 2b7 +1) 10. (¢ + 9)(2r4+ 1) 
11. (d — 1)(d + 5) 12. (3z + 4)(5z — 8) 13. (x + 3)(x* — 2x +6) 14. (3 + 29 — s’)(s — 1) 
Find the product. (Lesson 10.3) 
15. (x + 9)? 16. (—c — d)* 17. (a — 2)(a + 2) 18. (—7 + m)(—7 — m) 
19. (4x + 5)? 20. (Sp — 6q)" 21. (2a + 3b)(2a — 3b) ~—-22. (10x — Sy)(10x + Sy) 
Solve the factored equation. (Lesson 10.4) 
23. (x +3)\(x+6)=0 24.(¢-11)?=0 25.(z—-1)(<+5)=0 26. —8(5w — 2)(w + 4) =0 
27. (6n — 9)\(n — 7) =0 28. 3(x + 2)? =0 29. (2d — 2)(4d — 8) = 0 30. 2(3x — 1)(2x + 5) =0 


Find the x-intercepts and the vertex of the graph of the function. Then 
sketch the graph of the function. (Lesson 10.4) 


31.y=(%-—8)@-6) 32.y=@4+4@-4) 33. y=@-5)G@-7) 34.y=@4+1)@+6) 
35.y= («4+ 5)x%-9) 36. y=(~%+1@+5) 37.y=(—3)a4+1) 38. y=(—x-3)%+7) 


Solve the equation by factoring. (Lesson 10.5) 
39.x*7 + 6x+9=0 40.x7+2x-35=0 41.x7— 12x = —36 42. —x? — 4x =3 
43. x* — 15x = —54 44. —x? +14x = 48 45. x* — 2x = 24 46. x* —5x+4=0 


Solve the equation by factoring. (Lesson 10.6) 
47. 2x7 +x-6=0 48. 2x2 + 7x = —3 49.9x7 + 24x =—-16 50. 20x72 + 23x + 6 =0 
51. 4x* — 5x =6 52. 3x2 —5 = —14x 53. 3x* — 17x = 56 54. 12x? + 46x — 36 = 0 


Factor the expression. Tell which special product factoring pattern you 
used. (Lesson 10.7) 


55. x7 — 1 56. 9b" — 81 57. 121 — x? 58. 12 — 27x? 
59. 7 + 2t+ 1 60. x7 + 20x + 100 61. 64y? + 48y +9 62. 20x” — 100x + 125 


Factor the expression completely. (Lesson 10.8) 

63. x* — 9x? 64. m> + 11m? + 28m — 65. x4 + 4x3 — 45x? 66. x + 2x? — 4x — 8 
67. —3y° — 15y7— 12y) 68.29 — x7 +4x-4 ~~ 69. 7x°— 21x4 70. 81° — 317 + 16t — 6 
71. GEOMETRY The width of a box is 4 inches less than the length. The height is 


9 inches greater than the length. The box has a volume of 180 cubic inches. 
What are the dimensions of the box? (Lesson 10.8) 
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CHAPTER 11 


Solve the proportion. Check for extraneous solutions. (Lesson 11.1) 


x_8 9 _ 15 c- 16 _c-4 3 _x+2 
Was a oa as 
47 i. $43 eels. <i x+30_ 143 
a ome 6." = 7=3 IG = 10 ey eT 


Solve the percent problem. (Lesson 11.2) : 
9. What number is 40% of 60? 10. 75 is what percent of 250? 11. How much is 4% of 525 pounds? : 
12. 8 is 20% of what number? 13. 35% of 720 is what number? 14. 12% of what amount is $1482? 


Decide if the data in the table show direct or inverse variation. Write an 
equation that relates the variables. (Lesson 11.3) 


15. Bae 0.5 1 2 4 16. ea) 0.5 1 2 25 
y 2 1 0.5 a 15 3 6 iis) 
Simplify the expression if possible. (Lesson 11.4) 
12" 5x* — 15x3 x+6 x* — 8x + 15 
17. 42x 18. 10x 19. 4 Ge ee 20. a oe 


GEOMETRIC PROBABILITY A coin is tossed onto the large 
square region shown. It is equally likely to land on any point 
in the region. (Lesson 11.4) 


21. Find the probability that the coin lands in the small square. 
22. Find the probability that the coin lands in the circle. 


Simplify the expression. (Lesson 11.5) 


3x 15 4x? 14 Oe tx x-3 4%+4) 
eos Tee Ra Be 2B ae ge 8: 5G 28 
ti. & 10x? 7 5x, x—-8 x? + 5x — 36 . 
2. as 28. ae (x — 5) ar eee 30. ar (x? — 16) 
Simplify the expression. (Lesson 11.6) 
20 15 4 8 : | 
a; 5x wei5 eo) gto 33.9 x—-4 
Cy 95, — 1 36. ——* +21 
r=25 2 2x 9x oe + 13et2 x? + 5x46 ‘ 
Divide. (Lesson 11.7) : 
37. Divide 14x° + 7x? + x by 7x. 38. Divide x7 + 6x — 16byx + 8. : 
39. Divide 12x” — 2x — 2 by 3x + 1. 40. Divide 2x° + 9x? — 6x + 2 by 2x + 1. 
Solve the equation. (Lesson 11.8) 
4 x —2_ 44x 4,2 _6 
ees tae C3 = 43. += 
ee Wl S| 3 a ca 
re eae may tee) asa rer 46. +1 eae 


Extra Practice 


CHAPTER 12 


Find the domain and the range of the function. Then sketch its graph. 


(Lesson 12.1) 

1. y = 8Vx 2.y=Vx—5 3.y=Vx+3 4. y = 0.5Vx 

5.y=Vx-2 6. y=Vx +1 7.y = V3x4+2 8. y = V4x — 3 

Simplify the expression. (Lesson 12.2) 

9. 3V5 + 2V5 10. 8V7 — 15V7 11. 2V8 + 3V32 12. V20 — V45 + V80 

13. V3(7 - V6 14. (4 + Vi0)2 = 16. — 
aa a) Voa 5— V2 

Solve the equation. Check for extraneous solutions. (Lesson 12.3) 

17. Vx —11=0 18.V2x-1+4=7 19. Vx + 20 =x 

20.12 =V3x+1+7 21. 5x = V2x—3 22. V8 — 2x +5=x 

Solve the equation by completing the square. (Lesson 12.4) 

23. x7 + 10x = 56 24. x7 — 6x +4 = 20 25. x* — 7x = —10 

26.x7 +x =3 27. 5x” — 12x — 15=0 28. 3x7 — 10x — 29 =0 


Find the missing length of the right triangle if a and b are the lengths of the 
legs and cis the length of the hypotenuse. (Lesson 12.5) 


29.a=1,b=1 30.a=1,c=2 31.b=6,c = 10 
32.a=7,b = 10 33. b = 15,c = 25 34. a = 30, c = 50 


Find the distance and the midpoint between the two points. Round the 
distance to the nearest hundredth if necessary. (Lesson 12.6) 


35. (0, 4), (4, 5) 36. 3,3), (6; =1) 37. (1, 0), (4, —4) 38. (0, 0), (3, —2) 
39: 7, =6), 1, =6) 40. (5, 2), (5, —4) 41. (12, —7), (-4, 2) 42. (—4, —5), (-8, —9) 


Find the sine, the cosine, and the tangent of 2 Dand ZE. (Lesson 12.7) 


43. F 44. D 45. F 3 D 
8 6 8 17 
3] Av2 
E 10 D F 15 E E 
Find the lengths of the sides of the triangle. Round your answer to the 
nearest hundredth. (Lesson 12.7) 


46. s 47. B a ¢ 48. U 
Ww 
or} at 
R > A V 10 w 


49. Find a counterexample to show that the statement is not true. 
If a, b, and c are real numbers, then a+ (b*c) = (a+b) *(a*c). (Lesson 12.8) 


1 308 Student Resources 


multiplication, times (X) 
nth power of a 

and so on 

parentheses 

brackets 

equal sign, is equal to 

is this statement true? 

is not equal to 

is less than 

is less than or equal to 

is greater than 

is greater than or equal to 
degree(s) 

the opposite of a 


absolute value of a 


matrix 


reciprocal of a, a # 0 


probability of an event 


ratio of a to b 


24 


26 


26 


26 


26 


64 


65 


65 


86 


108 


114 


140 


segment AB 

the length of AB 

is approximately equal to 
rate of a per b 

ordered pair 

slope 

constant of variation 
y-intercept 


pi, an irrational number 
approximately equal to 3.14 


+ a#0 
a 


scientific notation, where 
1 <c < 10 and nis an integer 


the nonnegative square root of a 
plus or minus 

triangle ABC 

angle A 

sine of ZA 

cosine of ZA 


tangent of ZA 


Page 


140 


140 


166 


180 


203 


226 


234 


241 


452 


456 


470 


503 


503 


745 


752 


752 


752 


752 


Tables 


809 


a Ee 
Table of Symbols 


Pe eee eeeesersesreeeeeoseoseosene® 


Coo e rere rececceccesecseoseeseeseeseeseesesecese: 


Table of Measures 


60 seconds (sec) = | minute (min) 365 days | 
60 minutes = 1 hour (h) 52 weeks (approx.) | = 1 year 
24 hours = | day 12 months | 
7 days = | week 10 years = 1 decade 
4 weeks (approx.) = 1 month 100 years = 1 century 


United States Customary 


100 square millimeters 


| Mass Fees 


Ueecaeececauescdiesggnennceeecnaeee: 


Liquid Capacity [iOCROSeOS ee oooo ooo oan 


° 


Degrees Celsius (°C) 


eeccccsccececcsceccsoercccoecce 


1 square centimeter 


we eecccercecccccssscceceeseccce 


Es puchees go ctevasteusatsssecsesteesceneeece! 


144 square inches (in.?) 


Volume Baap 


Liquid Capacity ([OOCRRR oe 


Degrees Fahrenheit (°F) 


10 millimeters (mm) = 1 centimeter (cm) 12 inches (in.) = 1 foot (ft) 
100cm | _ 36in.| _ 
1000 mm | = 1 meter (m) 3ft| ~ 1 yard (yd) 
1000 m = 1 kilometer (km) 5280 ft} _ 1 mile (mi) 
1760 yd | 


(mm’) (cm) 9 ft? = 1 square yard (yd?) 
10,000 cm? = 1 square meter (m2) 43.560 ft | 
10,000 m2 = 1 hectare (ha) 4840 ya2| — 1 acre (A) 


1000 cubic millimeters = 1 cubic centimeter 1728 cubic inches (in.3) = | cubic foot (tt3) 
(mm) (cm’) 27 ft? = 1 cubic yard (ya?) 
1,000,000 cm? = 1 cubic meter (m’) 


1000 milliliters (mL) = 1 liter (L) 8 fluid ounces (fl.oz) = 1 cup (c) 
1000 L = 1 kiloliter (kL) 2c = | pint (pt) 
2 pt = 1 quart (qt) 
4 qt = 1 gallon (gal) 


1000 milligrams (mg) = 1 gram (g) 16 ounces (oz) = 1 pound (Ib) 
1000 g = 1 kilogram (kg) 2000 lb = 1 ton (t) 
1000 kg = 1 metric ton (t) 


0°C = freezing point of water 32°F = freezing point of water 
37°C = normal body temperature 98.6°F = normal body temperature 
100°C = boiling point of water 212°F = boiling point of water 


eeececcccccsscscccccesseccoseed 


1 square foot (ft?) 


Coeeeccccsesecccccessecccosend 


Student Resources 


Table of Squares 
and Square Roots 


Square Sq. Root Square Sq. Root Square Sq. Root 


Tables 


1 1.000 2,601 7.141 10,201 10.050 
4 1.414 2,704 7.211 10,404 10.100 
9 1.732 2,809 7.280 10,609 10.149 
16 2.000 2,916 7.348 10,816 10.198 
25 2.236 3,025 7.416 11,025 10.247 
36 2.449 3,136 7.483 11,236 10.296 
49 2.646 3,249 7.550 11,449 10.344 
64 2.828 3,364 7.616 11,664 10.392 
81 3.000 3,481 7.681 11,881 10.440 
100 3.162 3,600 7.746 12,100 10.488 
121 3.317 3,721 7.810 12,321 10.536 
144 3.464 3,844 7.874 12,544 10.583 
169 3.606 3,969 7.937 12,769 10.630 
196 3.742 4,096 8.000 12,996 10.677 
225 3.873 4,225 8.062 13,225 10.724 
256 4.000 4,356 8.124 13,456 10.770 
289 4.123 4,489 8.185 13,689 10.817 
324 4,243 4,624 8.246 13,924 10.863 
361 4,359 4,761 8.307 14,161 10.909 
400 4.472 4,900 8.367 14,400 10.954 
441 4.583 5,041 8.426 14,641 11.000 
484 4.690 5,184 8.485 14,884 11.045 
529 4.796 5,329 8.544 15,129 11.091 
576 4.899 5,476 8.602 15,376 11.136 
625 5.000 5,625 8.660 15,625 11.180 
676 5.099 5,776 8.718 15,876 11.225 
729 5.196 5,929 8.775 16,129 11.269 
784 5.292 6,084 8.832 16,384 11.314 
841 5.385 6,241 8.888 16,641 11.358 
900 5.477 6,400 8.944 16,900 11.402 
961 5.568 6,561 9.000 17,161 11.446 
1,024 5.657 6,724 9.055 17,424 11.489 
1,089 5.745 6,889 9.110 17,689 11.533 
1,156 5.831 7,056 9.165 17,956 11.576 
1,225 5.916 Toss 9.220 18,225 11.619 
1,296 6.000 7,396 9.274 18,496 11.662 
1,369 6.083 7,569 9.327 18,769 11.705 a 
1,444 6.164 7,744 9.381 19,044 11.747 ‘ 
1,521 6.245 7,921 9.434 19,321 11.790 : 
1,600 6.325 8,100 9.487 19,600 11.832 : 
1,681 6.403 8,281 9.539 19,881 11.874 : 
1,764 6.481 8,464 9.592 20,164 11.916 : 
1,849 6.557 8,649 9.644 20,449 11.958 : 
1,936 6.633 8,836 9.695 20,736 12.000 : 
2,025 6.708 9,025 9.747 21,025 12.042 : 
2,116 6.782 9,216 9.798 21,316 12.083 : 
2,209 6.856 9,409 9.849 21,609 12.124 : 
2,304 6.928 9,604 9.899 21,904 12.166 : 
2,401 7.000 9,801 9.950 22,201 12.207 : 
2,500 7.071 10,000 10.000 22,500 12.247 : 


0 
Table of 


Trigonometric Ratios 


Sine Cosine Tangent Sine Cosine Tangent 
.0175 .9998 .0175 .7193 .6947 1.0355 
.0349 9994 .0349 7314 .6820 1.0724 
.0523 .9986 0524 7431 .6691 1.1106 
.0698 .9976 .0699 .T547 .6561 1.1504 
.0872 9962 .0875 .7660 .6428 1.1918 
1045 9945 1051 7771 .6293 1.2349 
.1219 9925 1228 .7880 .6157 1.2799 
.1392 .9903 1405 .7986 .6018 1.3270 
1564 .9877 1584 .8090 5878 1.3764 
.1736 .9848 .1763 .8192 5736 1.4281 
.1908 9816 1944 .8290 5592 1.4826 
.2079 .9781 2126 .8387 5446 1.5399 
.2250 .9744 2309 .8480 5299 1.6003 
2419 .9703 .2493 .8572 5150 1.6643 
2588 9659 .2679 .8660 5000 1.7321 
.2756 9613 .2867 .8746 4848 1.8040 
.2924 9563 3057 8829 .4695 1.8807 
.3090 9511 3249 .8910 .4540 1.9626 
3256 9455 3443 .8988 4384 2.0503 
.3420 .9397 3640 .9063 4226 2.1445 
3584 9336 3839 9135 .4067 2.2460 
3746 .9272 .4040 9205 3907 2.3559 
.3907 .9205 4245 9272 3746 2.4751 
.4067 9135 4452 .9336 3584 2.6051 
4226 9063 .4663 9397 3420 2.7475 
4384 8988 4877 9455 3256 2.9042 
4540 .8910 5095 9511 3090 3.0777 
4695 .8829 5317 .9563 2924 3.2709 
A848 .8746 5543 .9613 2756 3.4874 
5000 .8660 5774 .9659 2588 3.7321 
5150 .8572 .6009 9703 2419 4.0108 
: 5299 .8480 .6249 9744 2250 4.3315 
cs 5446 .8387 6494 9781 .2079 4.7046 
5592 .8290 .6745 .9816 .1908 5.1446 
5736 .8192 .7002 .9848 .1736 5.6713 
5878 .8090 .72605 9877 1564 6.3138 
.6018 -7986 .7536 .9903 .1392 7.1154 
.6157 -7880 .7813 9925 1219 8.1443 
.6293 7771 .8098 9945 1045 9.5144 
° .6428 .7660 .8391 .9962 .0872 11.4301 
: 6561 .7547 .8693 .9976 .0698 14.3007 
: 6691 7431 .9004 .9986 .0523 19.0811 
: .6820 .7314 9325 9994 .0349 28.6363 
: .6947 .7193 .9657 .9998 .0175 57.2900 
: .7071 .7071 1.0000 


Student Resources 


Table of Formulas 


Geometric Formulas 


Perimeter of a polygon P=a+t+b+...+zwherea, b,..., z= side lengths 
Area of a triangle A= Abh where b = base and h = height 

Area of a square A = s* where s = side length 

Area of a rectangle A = lw where / = length and w = width 

Area of a trapezoid A= sh, + by) where h = height and b,, by = bases 
Volume of a cube V = s° where s = edge length 

Volume of a rectangular prism V = lwh where / = length, w = width, and h = height 
Circumference of a circle C = ad where 7 ~ 3.14 and d = diameter 


C = 2amr where 7 ~ 3.14 and r = radius 


Area of a circle A = ar where 7 ~ 3.14 and r = radius 

Surface area of a sphere S = 4a where 7 ~ 3.14 and r = radius 

Volume of a sphere V= Sar where 7 ~ 3.14 and r = radius 

Average speed r= u or d = rt where r = average rate or speed, d = distance, and t = time 


_ Number of favorable outcomes 
Total number of outcomes 


Algebraic Formulas 


Probability of an event whereO = P= 1 


Slope formula m= a where m = slope and (x), y,) and (x5, y>) are two points 
27% 

_pen/pe— : 
Quadratic formula The solutions of ax* + bx + c = Oare x = Pete ie : 
when a # 0 and b? — 4ac = 0. : 
Pythagorean theorem a’ + b? = c’ where a, b = length of the legs and c = length : 
of the hypotenuse of a right triangle : 
Distance formula d = V(x, — x1)? + (vy — y,)* where d = distance and (x,, y,) : 
and (x5, y2) are coordinates of two points : 
Z : 3 z . (XX Yt Yo ‘ 
Midpoint formula The midpoint between (x;, y;) and (x, yz) is | —5—*, —4~ J}. : 


Tables 


Table of Properties 


Closure 
Commutative 
Associative 
Identity 


Inverse Property 
Prop. of zero in mult. 


Property of opposites 
Distributive 


Product of Powers 
Power of a Power 
Power of a Product 


Quotient of Powers 
Power of a Quotient 


Negative Exponent 


Zero Exponent 


Addition 

a+ bis areal number. 
a+b=b+t+a 
(a+b)+c=at+(b+c) 
a+0=a,0+a=a 


a+(-a)=0 


Multiplication 

ab is a real number. 

ab = ba 

(ab)c = a(bc) 

a(1) = a, l(a) =a 

a -t =la#0 

a(0O) = 0 

(—l)a = —a or a(-1) 


ab+c)=ab+ac or (b+ cla=ba+ca 


Ifa=b,thena+c=b+te. 
Ifa=b,thena—c=b~-ce. 
If a = b, then ca = cb. 

Ifa = b, and c # 0, then © = 


Properties of Exponents 


queqh=aqmtn 


4 =a™""a#0 
(2)" = 22 b#0 
b pm’ 
ga a# 0 


Special Products and Their Factors 


b 


Cc 
Properties of Radicals 
Product Property 


Quotient Property 


Reciprocal 


Cross-multiplying 


Sum and Difference Pattern 


Square of a Binomial Pattern 


FOIL 


Multiplication 
Division 
Addition 


Subtraction 


Properties of Rational Expression 


(a+ b)a-b)=a-b’ 
(a + by =a? + 2ab+ b* 
(a - bP =a —2ab+ b* 


(a+ b\(e+d) = 
First 


+ 


ale all> ala 


ols ols Fg F198 


Outer Inner 


Basic Properties 


=—a 


Properties of Equality 


Addition 
Subtraction 
Multiplication 
Division 


Vab =Va+Vb 
a_ Va 
b vb 


atc +arcd+ bec + bed 


Last 


Student Resources 


Mixed Problem Solving 


CHAPTER 1 


1. SOFTBALL A softball player’s batting 
average is x where / is the number of hits 


and a is the number of at bats. So far this 
season, Jessica has 8 hits in 17 at bats. Find 
Jessica’s batting average. Round your answer 
to the nearest thousandth. (Lesson 1.1) 


. CANDLES A candle company makes 
candles shaped like pyramids. One of the 
molds for these candles has a height of 

8 centimeters and a square base that 


oe 


8. TRAVEL While planning a vacation, your 
family budgets $1200 to spend on lodging. 
The hotel costs $129 per night. Will you 
have enough money in the budget to stay 
for 7 nights? You write the inequality 
129h < 1200 to model the situation. What 
do 129, h, and 1200 represent? (Lesson 1.4) 


POeeeeeeerrrrserer errr errr rss) 


BULK FOODS In Exercises 9-11, use the 
following information. (Lesson 1.5) 

The trail mix in the bulk foods section of a 
grocery store costs $1.90 per pound. Martin 
paid $5.70 for the bag that he filled with trail 


measures 9 centimeters on each side. Find mix. Martin wants to know how many pounds 
the amount of wax needed to fill the mold of trail mix he bought. 


by finding the volume of the pyramid. (The 
el 9. Write a verbal model that relates the cost 
formula for the volume of a pyramid is = 


3 per pound of the trail mix, the pounds of 
times the height times the area of the base.) trail mix, and the total cost of the trail mix. 


(Lesson 1.2) : : 
10. Assign labels and write an algebraic model 


AMUSEMENT PARKS In Exercises 3-7, use based on your verbal model in Exercise 9. 
the following information. (Lesson 1.3) 

A family of six has coupons for discounted 
admission to an amusement park. The members 


11. Use mental math to solve the equation in 
Exercise 10. How many pounds of trail mix 


of the family are the following ages: 67, 40, 39, ce Mary? 
14, 8, and 4. 12. CONCERT BAND The table below shows 
the number of students in the concert band 
Amusement Park Admission Prices at a school for the given years. Make a line 


Regular | Discounted graph of the data. Discuss what the line 
price price graph shows. (Lesson 1.6) 
ad AUS ESE PN 1997 | 1999 | 2001 | 2003 
5-12 and 60+ | $8.00 | $6.00 amare a7 
under 5 free free 


TELEPHONE CALLS In Exercises 13 and 14, 


3. Write an expression that represents the use the following information. (Lesson 1.7) 
total cost of admission for the family at The total cost C (in dollars) of a telephone call 
the regular price. from the United States to Moscow, Russia is 


given by C = 0.41, where ¢ represents the length 
of the call in minutes. 


13. Evaluate the equation for t = 5, 10, 15, 20, 
25. Organize your results in an input-output 
table. 


4. Evaluate the expression from Exercise 3. 


5. Write an expression that represents the total 
cost of admission for the family at the 
discounted price. 


sree eter n eee e renee e etter ran enaes 


6. Evaluate the expression from Exercise 5. : : 
P 14. Describe the domain and range of the 


7. How much money did the family save by function. 
using the coupons? 


Mixed Problem Solving 


: CHAPTER 2 CONCESSION STAND In Exercises 8-10, 

: use the table below, which shows the sales 

; TEMPERATURES In Exercises 1-3, use the at a concession stand during two different 
table below, which shows the daily low events. (Lesson 2.4) 


temperatures in Petoskey, Michigan during 
a week in January. (Lesson 2.1) 


SoccerGame Football Game 


matt | tage | smat | tare | 
Popcorn 


Nachos 18 11 29 20 
Soda 31 28 53 66 


8. Write a matrix for the concession stand 
sales at the soccer game. 


Day Temperature 
Tuesday 

Wednesday 

Thursday 


ay 
PRPS E SET O SEH EEE EEEEEEE® 


Friday 


Saturday 9. Write a matrix for the concession stand 


Sunday sales at the football game. 


10. Find the sum of the matrices from 


. Whi Idest? : ; 
1. Which low temperature was the coldest Pxeicises Sando. Explain whariie 


2. Which days had low temperatures above resulting matrix represents. 
~2°F? 
ee 11. HOT AIR BALLOON A hot air balloon 
3. What is the absolute value of the low descends with a velocity of —678 feet per 
temperature on Tuesday? minute. Find the vertical distance traveled 
4. MONEY On a Saturday morning, your in 3.5 minutes. (Lesson 2.5) 
parents give you $15 for your allowance. 12. GEOMETRY Write and simplify an 
You spend $18.50 at the mall. Then you expression for the perimeter of the figure. 
make $20 baby-sitting that night. Do you (Lesson 2.6) 
end the day with more money than you 
started with? If so, how much more? 
3x—6 3x—6 
(Lesson 2.2) 
5. STOCK You purchase some shares of stock. 
The price of each share fell by $3.20 in the ax+2 
first month, rose by $5.45 in the second 1 
month, and fell by $1.12 in the third month. 13. FOOD There are 19, ounces of pretzels in 
Did the price of a share increase or decrease a bag. If a serving size is : ounce, then 
over the three months? (Lesson 2.2) : ; 
how many servings are in the bag of 
WEATHER In Exercises 6 and 7, use the pretzels? (Lesson 2.7) 


following information. (Lesson 2.3) 

On Sunday, there were 14 inches of snow on the 
ground. About 1.5 inches of the snow melted on 
Monday, 2 inches melted on Tuesday, and 

1.5 inches melted on Wednesday. 


14. Music Your compact disc collection 
contains 27 rock discs, 15 country discs, 
28 pop discs and 10 hip-hop discs. You 
randomly choose a compact disc from your 
collection. What is the probability that the 
6. How much snow remained at the end of the disc is a pop disc? (Lesson 2.8) 
day on Wednesday? 


7. At the end of the day on Thursday, there 
were 8.5 inches of snow on the ground. 
How much snow melted on Thursday? 


Pee eee reese re eee eee eeeee sees eseeeseeEses: 


Student Resources 


CHAPTER 3 


1. CATS A veterinary assistant steps on a 
scale while holding a cat. The scale reads 
161 pounds. Alone the assistant weighs 
147 pounds. Write and solve an equation 
to find the weight of the cat. (Lesson 3.1) 


2. SNOWFALL The average snowfall in 
Alpena during the month of February is 
3 times the average snowfall in Madison 
during the month of February. The average 
snowfall in Alpena during February is 
15 inches. Write and solve an equation 
to find the average snowfall in Madison 
during the month of February. (Lesson 3.2) 


3. GEOMETRY The triangles below are 
similar. Write and solve an equation 
to find the length of the side marked x. 
(Lesson 3.2) 


21cm 
15 cm 


18 cm 


4. GARDENING An online garden supply 
company offers daffodil bulbs for $.59 each 
plus $2.75 for shipping and handling for the 
entire order. You want to spend $15 on an 
order of daffodil bulbs. Write and solve an 
equation to find the number of daffodil 
bulbs you can purchase. (Lesson 3.3) 


5. BOOKS You spend $13.25 to buy 6 books 
and a bookmark at a used book sale. You 
pay the same amount for each book you 
buy, and the bookmark costs $1.25. Write 
and solve an equation to find the cost of one 
book. (Lesson 3.3) 


6. EXERCISE Each yoga class at a gym costs 
$10 for nonmembers. If you are a member 
of the gym, you pay a one-time joining fee 
of $45, and each yoga class costs $5. Write 
and solve an equation to find the number of 
yoga classes you must take to justify 
becoming a member. (Lesson 3.4) 


TRANSPORTATION In Exercises 7 and 8, use 
the following information. (Lesson 3.5) 

Two planes leave an airport at 1:00 P.M. One 
plane heads south and the second plane heads 
north. The plane heading north is traveling 

150 miles per hour. At 3:00 P.M. the two planes 
are 650 miles apart. 


7. At 3:00 P.M., how far has the plane heading 
north traveled? 


8. At 3:00 P.M., how far has the plane heading 
south traveled? 


9. TELEPHONES Your long-distance 
telephone company charges a monthly fee 
of $4.75 plus $.10 for each minute of long- 
distance telephone calls. Your bill for last 
month was $15.25. Write and solve an 
equation to find the number of minutes of 
long-distance telephone calls for last month. 
(Lesson 3.6) 


ELECTRICAL POWER In Exercises 10 and 11, 
use the following information. (Lesson 3.7) 
The electrical power rating P, in watts, of an 
electrical appliance is given by the formula 

P = VI, where V is the voltage and J is the 
current in amps. 


10. Solve the formula for J. 


11. Use the new formula to find the current 
running through the appliance given its 
power rating and voltage. 


Power rating 30 watts 900 watts 
Voltage 110 volts 110 volts 
12. FOOD You spend $2.34 on 6 pounds of 


bananas. What is the cost per pound? 
(Lesson 3.8) 


13. JEWELRY A craft store sells assorted 
collections of beads. One assortment 
contains 100 beads and costs $8.00. A 
larger assortment contains 250 beads and 
costs $12.50. Which assortment is the better 
buy? Explain how you decided. (Lesson 3.8) 
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CHAPTER 4 


ICE HOCKEY In Exercises 1 and 2, use the 
table below, which shows the number of 
shots on goal and the number of goals 
scored by players on an ice hockey team 
during one season. (Lesson 4.1) 


: 
RK 
; 
= 


wWwlay;ynrnsy eI ErNTrN]y,T alta 


1. Make a scatter plot that shows the number of 
shots on goal and the number of goals scored 
for the players. Use the horizontal axis to 
represent the number of shots on goal. 


2. What conclusions (if any) can you make 
from the scatter plot? 


SUMMER JOBS In Exercises 3 and 4, use the 
following information. (Lesson 4.2) 

You charge $50 for cleaning a large office and 
$25 for cleaning a small office. You want to 
make $500 in one week. An algebraic model for 
your earnings is 50x + 25y = 500, where x is 
the number of large offices you clean per week, 
and y is the number of small offices you clean. 


3. Write the algebraic model in function form. 


Then use a table of values to graph the equation. 


4. If you do not clean any large offices during 
the week, how many small offices do you 
have to clean to earn $500? 


5. VIUSEUMS The cost of admission to a 
science museum is $18 for adults and $12 for 
students. The museum collected $2376 from 
admissions for one day. Make a graph that 
shows the possible numbers of adults and 
students admitted to the museum. (Lesson 4.3) 
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6. BOWLING In 1995, the cost of bowling one 
string at a bowling alley was $1.75. In 
2000, the cost of one string was $2.25. If 
the cost of bowling one string increased the 
same amount each year, find the rate of 
change of the cost in dollars per year. 
(Lesson 4.4) 


HEALTH CARE In Exercises 7 and 8, use the 
information below. (Lesson 4.5) 

The dosage of a medication for a child is based 
on the child’s weight. Examples of such 
recommendations are shown in the table below. 
The recommended dosage (in milligrams) varies 
directly with the weight (in pounds) of the child. 


Weight (Ib) 


Dosage (mg) 


7. Write a direct variation model that relates 
the weight w to the dosage d. 


8. Estimate the dosage for a child who weighs 
45 pounds. 


9. CLOTHING A tailor charges a $15 fee plus 
$2.50 per letter to sew a name onto a jacket. 
The equation y = 2.5x + 15 models the total 
cost y of sewing a name with x letters. Find 
the slope and y-intercept of the equation. 
Explain what the slope and y-intercept mean 
in the cost model. (Lesson 4.6) 


10. CLUB VIEMBERSHIP The total cost y of a 
family membership to a health club for x 
months can be modeled by the equation 
y = 30x + 75. How many months of family 
membership do you have if your family 
pays $225? (Lesson 4.7) 


11. BICYCLES You ride your bicycle from your 
house to school. Your average speed is 
15 miles per hour. Write a linear function 
that models the distance you travel d(t) as a 
function of f, the time spent traveling. Then 
use your model to estimate the distance 
traveled after you ride for 0.2 hours. 
(Lesson 4.8) 


CHAPTER 5 


DoGs In Exercises 1-3, use the following 
information. (Lesson 5.1) 

A group of dogsledders set off on an expedition 
with 91 pounds of dog food for their dogs. The 
dogs eat 7 pounds of dog food each day. 


1. Write an equation in slope-intercept form 
to model the total remaining dog food y 
(in pounds) in terms of x, the days on the 
expedition. 


2. Copy and complete the table using your 
equation from Exercise 1. 


Days (x) 


Remaining dog food (y) ? 


3. Find the number of days that the supply of 
dog food will last. 


VINTAGE CARS In Exercises 4 and 5, use the 
following information. (Lesson 5.2) 

You bought a vintage car for $4500 last year. 
You are told that the car is worth $600 more this 
year, and you should expect the value of the car 
to increase by $600 every year. 


4. Write an equation that models the total 
value v of the car in terms of n, the number 
of years you have owned the car. 


5. Calculate the value of the car after you have 
owned it for 7 years. 


MOVING VANs In Exercises 6-8, use the 
following information. (Lesson 5.3) 

The cost of renting a moving van for a 26 mile 
trip is $62.50. The cost of renting the same 
moving van for a 38 mile trip is $65.50. 


6. Write a linear equation that models the 
cost c of renting the van in terms of m, the 
length (in miles) of the trip. 


7. Use your equation from Exercise 6 to find 
the cost of renting the van for a 50 mile trip. 


8. You have only $75 to spend on the moving 
van. What is the longest trip you can take? 


BASKETBALL In Exercises 9 and 10, use the 
following information. (Lesson 5.4) 

You stood in 6 locations on a basketball court 
and made 20 attempts at a basket from each 
location. The table shows the distance each 
location was from the basket and the number 
of shots made. 


Distance from basket (feet) Shots made 


10 15 
15 10 
20 10 
25 7 
30 4 


9. Make a scatter plot of the data. Let x equal 
the distance from the basket and let y equal 
the shots made. 


10. Find an equation of the line that you think 
best fits the data. 


11. CANOEING You are on an 18 mile long 
canoe trip and you are paddling at a constant 
rate. You started the trip at 9:00 A.M., and you 
traveled 6 miles by 10:30 A.M. Write an 
equation that gives the distance d (in miles) 
remaining in terms of the time f (in hours). 
What is the slope of the line? (Lesson 5.5) 


12. FUNDRAISING Your scout troop holds a 
breakfast to raise money for a local charity. 
Your troop charges $8 for an adult and $4 
for a child, and you raise a total of $1200. 
Write an equation that represents the 
different amounts of adults x and children y 
that could have attended the breakfast. 
(Lesson 5.6) 


13. WEB SITES The table 
shows the hits received 
by a Web site each week 
after its launch. Write a 
linear model for the 
data. Then predict the 
number of hits the Web 
site will receive in 
week 7. 


Week Hits 
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CHAPTER 6 


1. MONEY You want to purchase a bicycle 


that costs $165. You have already saved 
$118 for the bicycle. Let x represent the 
additional amount of money you need to 
purchase the bicycle. Write an inequality 
for x. What is the least additional amount 
of money that you need to purchase the 
bicycle? (Lesson 6.1) 


. CATERING Costs Dave is planning the 


awards banquet for his bowling league. He 
has $1500 in the budget to spend on the 
catering for the 108 people that will be 
attending the banquet. The catering 
company charges a $150 for a setup fee 
plus a set amount per person. Dave needs to 
decide how much he can afford to spend per 
person. Write and solve an inequality to 
determine the maximum amount of money 
that he can spend per person. (Lesson 6.2) 


. GEOMETRY Write an inequality for the 


value of x. (Lesson 6.2) 


Area > 40 ft? 


8 ft 


x 


. TEMPERATURE The table shows the normal 


daily high temperatures for the month of 

January in four cities in California. Write 
a compound inequality that represents the 
different temperatures. (Lesson 6.3) 


City Temperature (°F) 


Los Angeles 


Sacramento 52.7 


San Diego 65.9 


San Francisco 55.6 


. CALCIUM The recommended daily intake of 


calcium for teenagers is estimated between 
1200 milligrams and 1500 milligrams. Write 
an absolute-value inequality to represent the 
recommended daily intake of calcium for 
teenagers. (Lesson 6.4) 
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6. 


QUALITY CONTROL Dara works in the 
quality control department at a company 
that packages baking mixes. Each box of 
vanilla cake mix that she inspects must 
weigh between 509 grams and 525 grams. 
Write an absolute-value inequality to 
represent this situation. (Lesson 6.4) 


. SEWING You have $15 to spend on two 


different fabrics for a sewing project. The 
solid fabric that you want costs $2.50 per 
yard and the printed fabric that you want 
costs $4.99 per yard. Let x represent the 
number of yards of the solid fabric you can 
buy. Let y represent the number of yards of 
the printed fabric you can buy. Write and 
graph an inequality to model the amounts 
of each fabric you can buy. (Lesson 6.5) 


TRAVEL TIME In Exercises 8-10, use the 
following information. (Lesson 6.6) 

A survey asks 20 students the average time 
(in minutes) it takes them to get to school 
in the morning. The results are listed below. 


10. 


11. 


12. 


18, 23, 17, 30, 13, 22, 20, 20, 7, 22, 
25, 15, 13, 30, 15, 5, 30, 21, 30, 10 


Use a stem-and-leaf plot to order the times 
from least to greatest. 


Find the mean, median, and mode of the data. 


Is one measure of central tendency most 
representative of a typical travel time? 
Explain your reasoning. 


AGES The ages of the employees at a roller 
rink are listed below. Draw a box-and- 
whisker plot of the data. (Lesson 6.7) 


24, 22, 30, 18, 29, 38, 33, 17, 22, 25, 16, 41 


TEST SCORES Create a collection of 

16 test scores that could be represented 
by the box-and-whisker plot show below. 
(Lesson 6.7) 


hl 


64 71 84 89 99 


CHAPTER 7 


1. TENNIS A tennis club charges $55 for a 
summer membership plus $12 for each hour 
of court use. A second club charges $20 for 
a summer membership plus $17 for each 
hour of court use. Use the graph below to 
determine the number of hours of court use 
for which the total cost of playing tennis at 
each club is the same. (Lesson 7.1) 


Cost (dollars) 


Court use (hours) 


2. CARPETS Store A charges $3 per square 
foot for a wall-to-wall carpet and charges 
$85 for installation. Store B charges 
$2 per square foot for the same carpet and 
charges $100 for installation. Use a graph 
to determine the square footage for which 
the total cost of the carpet and installation 
at each store is the same. (Lesson 7.1) 


3. MONEY A bag contains quarters and 
dimes. There are 15 coins in the bag. The 
value of the coins is $2.70. Use substitution 
to determine the number of quarters and 
dimes in the bag. (Lesson 7.2) 


4. MOviES A movie rental store sells 
previously viewed movies. The movies in 
DVD format cost $10 each and the movies 
in VHS format cost $7 each. Jana bought 
6 movies for $51, excluding tax. Use 
substitution to determine the number of 
DVDs that Jana bought. (Lesson 7.2) 


5. TELEPHONE RATES A telephone company 
offers two long distance plans. One plan 
charges $4.95 per month and $.07 per 
minute. The other plan does not have a 
monthly fee and charges $.10 per minute. 
Use linear combinations to determine the 
number of minutes for which the cost of 
each plan is the same. (Lesson 7.3) 


6. AGES Twice Mark’s age minus Tom’s age 
is equal to 9. Twice Tom’s age minus 8 is 
equal to twice Mark’s age. Use linear 
combinations to determine Mark’s age and 
Tom’s age. (Lesson 7.3) 


7. PLANETARIUM SHOWS The prices for 
admission tickets to the planetarium shows 
at a science museum are listed in the table 
below. On Monday, 540 admission tickets 
for the planetarium shows are purchased. 
The museum collected $3257.50 in 
admission ticket sales for the planetarium 
shows. How many student admission tickets 
were sold? (Lesson 7.4) 


Admission Ticket Prices 


ART SUPPLIES In Exercises 8 and 9, use the 
following information. (Lesson 7.5) 

At an art supply store, all of the tubes of oil 
paint cost the same, and all of the tubes of 
acrylic paint cost the same. An art teacher paid 
$43.71 for 3 tubes of oil paint and 6 tubes of 
acrylic paint. The next week he paid $14.57 for 
one tube of oil paint and 2 tubes of acrylic 
paint. 


8. Can you determine how much the art teacher 
paid for one tube of oil paint? Explain. 


9. The following week, the art teacher paid 
$39.89 for 3 tubes of oil paint and 5 tubes of 
acrylic paint. Can you determine how much 
he paid for one tube of oil paint? Explain. 


JOBS In Exercises 10 and 11, use the 
following information. (Lesson 7.6) 

During a summer, you can work a total of no 
more than 30 hours a week at your two jobs. 
Your camp counseling job pays $8 an hour, and 
your job at a retail store pays $10 an hour. You 
want to earn at least $250 a week. 


10. Write a system of linear inequalities that 
shows the various number of hours you can 
work at each job. 


11. Graph the system of linear inequalities. 
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CHAPTER 8 


1. GEOMETRY The volume V of a cylinder is 
given by V = ar7h, where r is the radius of 
a base, h is the height, and 7 ~ 3.14. What 
is the volume of the cylinder in terms of f? 
(Lesson 8.1) 


TESTS In Exercises 2 and 3, use the 
following information. (Lesson 8.1) 

Part A of a test has 15 true-false questions. 
Part B has 5 multiple choice questions, each 
of which has 4 choices. There are 2!> ways 
to answer the questions in Part A. There are 
4° ways to answer the questions in Part B. 


2. How many ways are there to answer all 
20 questions? 


3. If you guess the answer to each question, 
what is the probability that you will get 
them all right? 


4. SAVINGS ACCOUNTS You opened a 
savings account in 1994. The balance A 
is modeled by A = 320(1.03)', where 
t = 0 represents the year 2004. What is 
the account balance in 1994? in 2004? 
in 2014? (Lesson 8.2) 


5. SPORTS The volume V of a ball is given 
by V= Sarr, where r is the radius of the 
ball. The radius of a baseball is about + the 


radius of a soccer ball. Find the ratio of 

the volume of the baseball to the volume 
of the soccer ball. Let r represent the radius 
of the soccer ball. (Lesson 8.3) 


PROBABILITY In Exercises 6 and 7, you roll 
a number cube five times. (Lesson 8.3) 


6. What is the probability that you roll a three 
each time? 


7. What is the probability that you roll five 
odd numbers in a row? 
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ASTRONOMY In Exercises 8-11, write the 
mass (in kilograms) of the planet in 
scientific notation. (Lesson 8.4) 


8. Mercury: 330,000,000,000,000,000,000,000 

9. Venus: 4,900,000,000,000,000,000,000,000 
10. Mars: 640,000,000,000,000,000,000,000 
11. Pluto: 13,000,000,000,000,000,000,000 


12. HEARTBEATS Consider a person whose 
heart beats 65 times per minute and who 
lives to be 90 years old. Estimate the 
number of times the person’s heart beats 
during his or her life. Do not acknowledge 
leap years. Write your answer in decimal 
form and in scientific notation. (Lesson 8.4) 


13. INVESTING Which description best 
represents the growth curve in the graph? 
(Lesson 8.5) 


A. Deposit = $150, annual rate = 5% 
B. Deposit = $350, annual rate = 11% 
C. Deposit = $150, annual rate = 18% 


STEREOS In Exercises 14 and 15, use the 
following information. (Lesson 8.6) 

You want to sell your old stereo system. You 
place an advertisement about your stereo 
system in the classified section of your local 
newspaper. The selling price listed in the 
advertisement is $80.50. You decide to decrease 
the price by 10% each week that you do not 
sell the stereo system. 


14. Write an exponential decay model to 
represent the situation. 


15. You sell your stereo system for the price 
listed in the advertisement for the third 
week. How much money did you get for 
your stereo system? 


CHAPTER 9 


1. DIVING You dive from a cliff that is 20 feet 
above the water. Your height / after t seconds 
can be modeled by h = —16t? + 20. How 
long will it take you to reach the water? 
(Lesson 9.1) 


2. GEOMETRY Find the area of the rectangle 
below. Give both the exact answer in 
simplified form and the decimal 
approximation rounded to the nearest 
hundredth. (Lesson 9.2) 


30 cm 


V50 cm 


LAWN SPRINKLERS In Exercises 3-5, use the 
following information. (Lesson 9.3) 

The arc of the water sprayed from a lawn sprinkler 
is given by the model 


y = —0.04x? + 0.93x 


where x is the distance (in feet) across the lawn 
and y is the height (in feet) of the arc. 


3. Sketch the graph of the function. Label the 
vertex. 


4. What is the maximum height of the water 
sprayed from the sprinkler? 


5. The distance across the lawn from the 
sprinkler to where the arc lands is called 
the distance of throw. What is the distance 
of throw for the sprinkler? 


Sk! JUMPS In Exercises 6 and 7, use the 
following information. (Lesson 9.4) 

The path of a ski jumper after takeoff can 
be modeled by the equation 


y = —0.036x7 + 1.38x + 20 


where x is the horizontal distance (in feet) and y 
is the vertical distance (in feet). 


6. Sketch a graph of the model for positive 
values of x and y. 


7. Use the graph to estimate a positive square 
root of the equation below. 


0 = —0.036x? + 1.38x + 20 


8. SOFTBALL You and a partner are 
practicing catching fly balls. When you 
throw the softball upward for your partner 
to catch, it leaves your hand when it is 
5.5 feet off the ground. The softball has an 
initial velocity of 35 feet per second. 
Suppose that your partner misses the ball 
and it hits the ground. How long does it 
take for the softball to hit the ground? 


. CHEERLEADING A cheerleading squad 
does a stunt that has a flyer, who is thrown 
in the air and caught. The stunt works best 
when the flyer’s feet reach a height of at 
least 30 feet off the ground. The flyer starts 
with her feet 4.5 feet off the ground and her 
initial velocity is 31 feet per second. Will 
the flyer’s feet reach a height of at least 
30 feet off the ground? Explain. (Lesson 9.6) 


ww eee Do ey 


. BRIDGES The parabolic opening in 
the bridge below can be modeled by 
y = —0.04x? + 25, where x is the 
distance (in feet) from the center of 
the opening and y is the height (in feet) 
above the road. Write a system of 
inequalities that describes the shaded 
region. (Lesson 9.7) 


. AUTOMOBILES The table below lists the 
value of an automobile over time. Which 
type of model best represents the data? 
Write a model. (Lesson 9.8) 
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> CHAPTER 10 ARCHITECTURE In Exercises 5 and 6, use the 
following information. (Lesson 10.4) 

An architect designs a large arched doorway 

for the main entrance to an office building. 

The shape of the arch can be modeled by 

y = —0.04(x + 22)(x — 22), where x and y 


1. GEOMETRY Write an expression in 
standard form for the perimeter of the 
triangle shown below. (Lesson 10.1) 


PRR REESE T OTE H ESTE EEE ESET EEE EEES 


3x2 -1 ing are measured in feet. 
5. How wide is the arch at the base? 
2x?—x+5 6. How high is the arch? 
QUILTS In Exercises 2 and 3, use the 7. GARDENS You decide to plant a bulb 


information below. (Lesson 10.2) 
You are making the quilt shown below, which 
has 6 squares in the center. The border around its width. The bulbs that you have will 


the eee is Ke es Mase Pe hee cover 88 square feet. What should the 
around the outside of the quilt is 1.5 feet wide. length and the width be? (Lesson 10.5) 


garden. You want the length of the 
rectangular garden to be 3 feet longer than 


SPORTS In Exercises 8 and 9, use the 
following information. (Lessons 10.6, 10.7) 


ks In the vertical motion model h = —16t? + vt + 5, 
his the height (in feet), ris the time in motion 
(in seconds), v is the initial velocity (in feet per 
second), and s is the initial height (in feet). 
15 ft 8. A quarterback releases a football when it is 
6 feet off the ground, and the football has 
2. Write a polynomial expression that an initial upward velocity of 46 feet per 
represents the total area of the quilt. Give second. The receiver misses the pass and 
your answer as a quadratic trinomial. the football hits the ground. How long does 
3. Use the expression from Exercise 2 to find it take for the football to hit the ground? 
the area of the quilt when x = 1.5, 2, and 2.5. 9. A volleyball is hit when it is 4 feet off the 
4. MICE In mice, the black eye color gene E ground. The volleyball has an initial upward 


velocity of 32 feet per second. Does the 
volleyball reach a height of 20 feet? If so, 
how long does it take to reach that height? 


is dominant, and the red eye color gene e is 
recessive. A mouse whose eye color genes 
are EE or Ee will have black eyes. The 


11. What are the dimensions of the rectangle? 


Punnett square shows the possible results of GEOMETRY In Exercises 10 and 11, the 
crossing two mice that have recessive eye rectangle below has an area of 32 square 
: color genes. Write a polynomial model that meters. (Lesson 10.8) 
t can be used to represent the Punnett square. 
et (Lesson 10.3) 
i is 
: Ee 
; J \. x? + 2x — 16 
: Uz jee | ee 10. Write a polynomial equation that you can 
: Ee solve to find the length and the width of the 
: e je | ee | rectangle. 
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CHAPTER 11 


1. SCALE DRAWINGS You want to make a 
scale drawing of your classroom. The actual 
length of your classroom is 36 feet and the 
actual width is 32 feet. In your drawing, the 
length of your classroom is 9 inches. What 
should the width of your classroom in your 
drawing be? (Lesson 11.1) 


lViusic In Exercises 2 and 3, use the 
following information. (Lesson 11.2) 

The graph shows the responses of 200 students 
when asked to name their favorite type of music. 


Favorite Music 


Hip-hop 42 
4 p-hop 


Pop 72 
op 72. ¢ 


* Rock 39 
Other Wo *>—~ Country 30 


2. What percent of the students said that rock 
is their favorite type of music? 


3. What percent of the students said that pop is 
their favorite type of music? 


4. BABY-SITTING The table below lists the 
money you receive for baby-sitting. Decide 
if the data show direct or inverse variation. 
Then write an equation that relates the hours 
worked h and the total pay p. (Lesson 11.3) 


Hours, h 3 


5. PROBABILITY A coin is tossed onto the 
large rectangular region below. It is equally 
likely to land on any point in the region. 
Write a model that gives the probability that 
the coin will land in the small red rectangle. 
(Lesson 11.4) 


3x+2 
x2 
5x-1 


3x2 + 2x 


REAL ESTATE In Exercises 6 and 7, use the 
following information. (Lesson 11.5) 

The models show the total value (in millions 

of dollars) of homes sold each year and the 
number of real estate agents selling homes each 
year at a real estate agency. Let f represent the 
number of years since 2000. 


Total value of homes sold: V = eee 
_ 210 + 10r 
Number of agents: A = 7) 95, 


6. Find a model for the average value of 
homes sold each year per agent. 


7. Use your model from Exercise 6 to find the 
average value of homes sold per agent for 
2005. 


HIKING In Exercises 8-10, use the following 
information. (Lesson 11.6) 

You are planning a 20-mile hiking trip. Some 
of the trails that you plan to hike are steep and 
some are relatively flat. You average 2 miles per 
hour on the steep trails and 4 miles per hour on 
the flat trails. 


8. Write an expression for the total time of the 
hike. Let x represent the miles of steep 
trails. 


9. Write your answer to Exercise 8 as a single 
rational expression. 


10. Use your expression from Exercise 9 to 
determine the total time of the hike if you 
hike 5 miles of steep trails. 


11. GEOMETRY The area of the rectangle 
below is 3x? + 3x — 6. Find the length. 
(Lesson 11.7) 


x+2 


12. BASKETBALL You have made 27 free- 
throws in 45 attempts. Your free-throw 


a2 
average is a = 0.6. How many 
consecutive free-throws must you make to 
increase your free-throw average to 0.75? 


(Lesson 11.8) 
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CHAPTER 12 
1. BASEBALL The radius of a sphere can be 


found using the formula r = =, where S 
is the surface area and ris the radius of the 
sphere. Find the radius of a baseball that has 
a surface area of 168 square centimeters. 
Round your answer to the nearest hundredth. 


(Lesson 12.1) 


PENDULUMS In Exercises 2 and 3, use the 

following information. (Lesson 12.2) 

The period of a pendulum is the time it takes 

for the pendulum to swing back and forth. The 
L 


model T = 27 081 relates the period T (in 


seconds) of a pendulum to the length L (in 
centimeters) of the pendulum. 


2. A pendulum has a length of 50 centimeters. 
A second pendulum has a length of 
32 centimeters. Write an expression that can 
be used to find the difference of the periods 
of the pendulums. 


3. Simplify your expression from Exercise 2. 
Round your answer to the nearest hundredth. 


ROLLER COASTERS In Exercises 4 and 5, use 
the following information. (Lesson 12.3) 

The model v = 8V/h relates the velocity v 

(in feet per second) of a roller coaster at the 
bottom of a drop to the height h (in feet) of 

the drop. 


4. The velocity of a roller coaster at the bottom 
of a drop is 44 feet per second. Find the 
height of the drop. 


5. The velocity of a roller coaster at the bottom 
of a drop is 68 feet per second. Find the 
height of the drop. 


6. FOOTBALL The path of a kicked football 
can be modeled by 


y = —0.012x7 + L.11x 


where x is the horizontal distance (in feet) 
and y is the vertical distance (in feet). 
Suppose that the football is not caught and it 
hits the ground. Find the horizontal distance 
covered by the football. (Lesson 12.4) 


Student Resources 


7. PARKS The dimensions of a rectangular 
park are shown below. Find the length of 
the path that connects opposite corners of 
the park. (Lesson 12.5) 


75 ft 


100 ft 


HELICOPTERS In Exercises 8 and 9, use the 
following information. (Lesson 12.6) 

A helicopter is located 4 miles east and 2 miles 
north of a hospital. It travels to a destination 

8 miles east and 12 miles north of the hospital. 


8. What is the distance from the helicopter’s 
original location to its destination? Round 
your answer to the nearest hundredth of 
a mile. 


9. What is the distance from the helicopter’s 
destination to the hospital? Round your 
answer to the nearest hundredth of a mile. 


10. SKATEBOARDING You are building a 
skateboarding ramp. You want the angle of 
incline of the ramp to be 15°, and you want 
the height to be 3 feet, as shown below. 
What is the horizontal distance x? Round 
your answer to the nearest tenth of a foot. 
(Lesson 12.7) 


3ft 


Ka 


x 


COUNTEREXAMBPLES In Exercises 11-13, 
find a counterexample to show that the 
statement is not true. (Lesson 12.8) 


11. If a and b are odd integers, then a + bis 
an odd integer. 
12. If a and b are nonzero real numbers and 
a> b, then = > - 
a’ b 
13. For any integer a, a’ >a’. 


Third Pages 


Samples and Surveys 


Recognize bias in samples and survey questions; analyze 
the results of surveys. 


Surveys are often conducted to gather data about a population. A population 
is the entire group of people or objects that you want information about. When 
it is difficult to survey an entire population, a sample, or a part of the group, 
is surveyed. 


TYPES OF SAMPLES 


SIMPLE RANDOM SAMPLE 


Members are chosen using a method that gives everyone an 
equally likely chance of being selected. 


SYSTEMATIC SAMPLE 


Members are chosen using a pattern, such as selecting every 
other person. 


STRATIFIED SAMPLE 


The population is first divided into groups. Then members are 
randomly chosen from each group. 


CONVENIENCE SAMPLE 
Members are chosen because they are easily accessible. 


SELF-SELECTED SAMPLE 
Members volunteer to participate. 


EXAMPLE 1 ) Classifying a Sample 


A teacher wants to select a group of 5 students. Classify the sample. 


a. The teacher selects the first 5 students who raise their hands. 


b. The teacher draws the names of 5 students from a hat. 


SOLUTION 
a. This is a self-selected sample because the students volunteer. 


b. This is a simple random sample because each student has an equally likely 
chance of being selected. 


Appendix 1 


Ina random sample, each person or object has an equally likely chance of 
being selected. A random sample is most likely to produce a representative 
sample of a population. A sample that is not representative of a population is 

a biased sample. In a biased sample, one or more of the parts of a population 
are overrepresented or underrepresented. A non-random sample can result in a 
biased sample. 


Simple random, systematic, and stratified samples are preferred because the 
resulting samples are usually random. The results of convenience and self- 
selected samples are more likely to be biased. 


GIVE) dentitying Potentially Biased Samples 


Administrators at your school are considering adding lacrosse as a school- 
sponsored sport. They decide to survey students to see if there is enough interest 
in the sport. Decide whether the sampling method could result in a biased 
sample. Explain your reasoning. 


a. Survey students that currently participate in sports at your school. 


b. Survey every tenth student who enters the school in the morning. 


SOLUTION 


a. This method could result in a biased sample because students who already 
participate in sports are more likely to favor the addition of a new sport than 
other students in the school. 


b. This method is not likely to result in a biased sample because a wide range of 
students will be surveyed. 


When conducting a survey, it is important that the survey questions are carefully 
written. If a question is poorly written, then the responses of the people surveyed 
may not accurately reflect their opinions or actions. These types of questions are 
called biased questions. 


GIVE) ldentitying Biased Questions 


Decide whether the survey question may be biased. Explain. 


a. Do you agree with your school’s attendance policy? 
b. Due to the large number of accidents among drivers that are under the age of 
18, do you support raising the minimum driving age to 18? 


SOLUTION 


a. This question may be biased. It assumes that the student being surveyed is 
familiar with the attendance policy. 


b. This question may be biased. Respondents may think a “no” response means 
that they are in favor of drivers under 18 getting into accidents. 
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ANALYZING DATA To help you make conclusions about data collected from a 
survey, the data needs to be organized. Data displays are often used to organize 
and present data collected from a survey. However, the data should be accurately 
displayed so that it can be correctly interpreted. 


GEL) Making Conclusions About Data from a Survey 


You conduct a survey that asks 30 students 
the average number of minutes they spend 
talking on the phone each day. The 


Minutes 
O-14 


information collected from the survey 15-29 
For help with making 


is shown at the right. 30-44 TH | 
45-59 LTT 
histograms, see p. 792. SOLUTION 


_ ae a. Make a histogram of the data. 
Look Back b. Make a conclusion about the data. 
a. Draw and label the horizontal and vertical axes. 
List each interval from the table on the horizontal axis. 


The greatest frequency is 12. So, start the vertical axis at 0 and end at 14, 
using increments of 2. 


Draw a bar for each interval. The bars should have the same width. 


Minutes on the Phone Daily 


Frequency 


— at ee 
ON FP DOAONM + 
T 


0-14 15-29 30-44 45-59 
Minutes 


b. The histogram shows that the interval with greatest frequency is the 
15-29 minute interval. 


In general, more than half of the students spend less than 30 minutes talking 
on the phone each day. 


ANALYZING SURVEYS The results of public opinion surveys often appear in 
newspapers and magazines. You should be critical of these surveys, especially 
if the results are meant to persuade you in some way. If you notice non-random 
sampling, biased questions, or poorly displayed data, then it is likely that the 
survey results are biased. 
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GEV Analyzing the Results of a Survey 


A survey asks shoppers whether they prefer Do You Prefer Shopping for 
to shop for clothes on-line or at a store. Clothes On-line or at a Store?* 
The results are shown at the right. 


80% » 
a. Tell why the results are biased. | 
£ 60% 
b. Suggest a way to eliminate the bias. = | 
& 40% i ; 
C7) 
SOLUTION 5 20%. |__| | 
a. The results of the survey are biased 0% - He 
because the sampling method is biased. On-line At store 
The sample contains only on-line *From a survey of 1000 on-line shoppers. 


shoppers, so the group of people who 
prefer shopping for clothes at a store 
are underrepresented. 


b. The survey should be conducted using a random 
sample. For example, conduct a telephone survey. 


EXERCISES 


In Exercises 1-4, classify the sample involving the following situation. 
A fast-food restaurant decides to conduct a survey to find out if their customers 
are satisfied with the service at the restaurant. 


1. Survey every twentieth customer. 
2. Survey every tenth male customer and every tenth female customer. 
3. Survey customers randomly chosen by the computer system. 


4. Survey customers only when the restaurant is not busy. 


In Exercises 5-8, classify the sample. 


5. The staff at a town library want to know what new programs residents would 
be interested in. A computer generates a list of 100 randomly chosen town 
residents to be telephoned and surveyed. 


6. The manager of a grocery store wants to know if shoppers are satisfied 
with the selection of items in the deli case. A deli customer is surveyed 
every 30 minutes. 


7. The editor of a school newspaper wants to know how students feel about 
the extracurricular activities offered by the school. Twenty students from 
each class (freshman, sophomore, junior, and senior) are randomly chosen 
from the school directory and surveyed. 


8. The manager of a hotel wants to know how guests rate the cleanliness of 
the rooms. Response cards are left in each room for guests to fill out during 
their stay. 
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Decide whether the sampling method could result in a random sample. 
Explain your reasoning. 


9. A dentist wants to expand her office hours to better accommodate her 
patients. She decides to list her patients alphabetically and survey every 
tenth patient on the list about his or her time preferences. 


10. The manager of a radio station wants to know the listeners’ favorite 
songs. He decides to have listeners call the radio station and request 
their favorite songs. 


Decide whether the sampling method could result in a biased sample. 
Explain your reasoning. 


11. Administrators at your school want to know if more vegetarian items should 
be added to the lunch menu. They decide to survey every fifth student waiting 
in line to purchase lunch. 


12. A Boston-based market research company wants to learn more about the 
television viewing habits of average teenagers. They decide to survey 
randomly chosen teenagers who live in Boston. 


13. The editor of a snowboarding magazine wants to know the readers’ favorite 
places to ride. The latest issue of the magazine includes a survey for readers 
to complete and return. 


14. A restaurant critic wants to taste a variety of items at a restaurant. She 
randomly chooses two items from each of the following groups on the menu: 
appetizers, entrées, and desserts. 


Decide whether the survey question may be biased. Explain. 


15. Do you agree with the rules established for traveling on public transportation 
with a dog? 


16. How often do you read the local newspaper? 
17. Would you rather see an exciting laser show or visit a boring art museum? 


18. The fewer trash cans that a community has, the more litter the community 
has. Should our community include more money in its budget for more trash 
cans and trash pick up? 


In Exercises 19-21, use the following information. 

Your class officers are planning a dance. They need to decide whether to have a 
disc jockey or a live band at the dance. They decide to survey a sample of 
students to determine their preference. 


19. Describe a sampling method that can be used so that the sample will most 
likely be random. 


20. Write a question to ask the members of the sample. The question should be 
carefully written so that it is not biased. 


21. Which is more likely to give accurate results, 50 students randomly chosen 
from a class of 300, or 20 students randomly chosen from a class of 300? 
Explain your reasoning. 
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In Exercises 22 and 23, use the following information. 
A sample of 100 students, 50 boys and 50 girls, are asked to name their favorite 
type of movie. The results are shown in the table below. 


22. Make a double bar graph of the data. 


23. Use your display from Exercise 22 to make a conclusion about the data. 
In Exercises 24 and 25, use the following information. 
A sample of 19 students enrolled in a swimming class are asked to hold 


their breath underwater for as long as possible. The results (in seconds) are 
listed below. 


65, 29, 38, 50, 60, 43, 27, 48, 29, 79, 37, 45, 48, 32, 57, 35, 54, 53, 37 


24. Make a histogram of the data using the following intervals: 20-29, 30-39, 
40-49, 50-59, 60-69, 70-79. 


25. Use your display from Exercise 24 to make a conclusion about the data. 


In Exercises 26 and 27, tell why the results of the survey are biased. Then 
tell how to eliminate the bias. 


26. Sal’s Pizza ai. Should Skateboarders be 
: ‘ Allowed to Endanger the 
is your favorite! Safety of Pedestrians by 
Which pizza do you prefer?* Skateboarding on Sidewalks?* 
Sal’s Pizza 712% 
Pizza Primo 28% 


* Based on a survey of 250 


2) 
£2 
= 
= 

Sal’s Pizza customers. A 

= 
ra 
° 


No 
*Based ona survey of 100 residents. 


28. Find the results of a survey published in a magazine or newspaper. Do you 
think that the results of the survey are biased? Explain your reasoning. 


In Exercises 29-32, you want to learn more about the music that students 
in your school listen to. 


29. Describe how you would choose a sample of students to survey. 
30. Write a survey that consists of 3 or 4 questions. 
31. Give the survey to the sample and present your results. 


32. Review your results. Would you change anything about the way the survey 
was designed or conducted? Explain. 
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k Study Tip 


In the formula for the 
probability of dependent 
events, P(B| A) 
represents the probability 
that B will occur given 


that A has occurred. 


Probability of 
Compound Events 


GOAL J Find the probability of independent, dependent, mutually 
exclusive, and overlapping events. 


When you consider the probability of two events occurring, the events 
are called compound events. Independent, dependent, mutually 
exclusive, and overlapping events are examples of compound events. 
Two events are independent events if the occurrence of one event does 


not affect the occurrence of the other. Two events are dependent events 
if the occurrence of one event does affect the occurrence of the other. 


EXAMPLE 1 ] Deciding Whether Events Are Independent or Dependent 


Decide whether the events are independent or dependent. 


a. Each whole number from 1 through 10 is written on a piece of paper and 
placed in a hat. You randomly choose a piece of paper, do not put it back, 
then randomly choose another piece of paper. 

Event A: Choose the 5 first. 
Event B: Choose an odd number second. 


b. You flip a coin and roll a number cube. 
Event A: Get tails when flipping the coin. 
Event B: Get a 2 when rolling the number cube. 


SOLUTION 


a. The events are dependent. Choosing the 5 and not putting it back affects the 
outcomes of choosing an odd number second. 


b. The events are independent. Getting tails when flipping a coin does not affect 
the outcomes of rolling a number cube. 


PROBABILITIES OF INDEPENDENT AND DEPENDENT EVENTS 


For two independent events A and B, the probability that both events occur 
is the product of the probabilities of the events. 


P(A and B) = P(A) e P(B) Events A and B are independent. 


For two dependent events A and 8B, the probability that both occur is the 
product of the probability of the first event and the conditional probability 
of the second event given the first event. 


P(A and B) = P(A) e P(B| A) Events A and B are dependent. 
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TEXAMPLE 2 ] Finding the Probability of Independent Events 


Of the 35 CDs in your collection, 21 are rock and 14 are hip-hop. You randomly 
choose a CD and put it back. Then you randomly choose another CD. Find the 
probability of choosing a rock CD first and choosing a hip-hop CD second. 


SOLUTION 


Let event A be “choose a rock CD first” and let event B be “choose a hip-hop CD 
second.” Since the first CD chosen is replaced before the second CD is chosen, 
events A and B are independent. The probability of A and B is shown below. 


> The probability is 0.24. 


T EXAMPLE 3 ] Finding the Probability of Dependent Events 


A drawer contains 9 white socks, 7 black socks, and 5 blue socks. You randomly 
choose one sock from the drawer. Then you randomly choose another sock 
without replacing the first. Find the probability of events A and B. 


a. Event A: Choose a white sock first. 
Event B: Choose a black sock second. 


b. Event A: Choose a blue sock first. 
Event B: Choose a blue sock second. 


SOLUTION 
a. First, find the probability of each event. 


P(A) = = Of the 21 socks, 9 are white. 
P(B | A) = a Of the remaining 20 socks, 7 are black. 


Then multiply the probabilities. 


se eee a 
a1 ° 20> 29 ~ 91S 


> The probability is 0.15. 


P(A and B) = 


b. First, find the probability of each event. 
P(A) = = Of the 21 socks, 5 are blue. 
P(B | A) = x Of the remaining 20 socks, 4 are blue. 
Then multiply the probabilities. 
2.5 =F ~ 0.048 
> The probability is about 0.048. 


P(A and B) = 


§ are events that have no outcomes in common. 
Use the rule below to find the probability of mutually exclusive events. 


PROBABILITY OF MUTUALLY EXCLUSIVE EVENTS 


For two mutually exclusive events A and B, the probability that either of the 
events occurs is the sum of the probabilities of the events. 


P(A or B) = P(A) + P(B) Events A and B are mutually exclusive. 


PEXAMPLE 4 ) Finding the Probability of Mutually Exclusive Events 


You are playing a game using the spinner at the 
right, which is divided into equal parts. On your 
spin, what is the probability that the spinner 
lands on an even number or a prime number? 


SOLUTION 


First, find the probabilities of the events. 
Let event A be getting an even number 
and let event B be getting a prime number. 


P(A) = < Of the 8 numbers, 4 are even. 
P(B) = . Of the 8 numbers, 3 are prime. 


Then find the sum of the probabilities. 


P(A or B) = = + == 4 = 0.875 


> The probability that the spinner lands on an even number or a prime number is 
0.875, or 87.5%. 


Over! ing events are events that have one or more outcomes in common. 
Use the rule below to find the probability of overlapping events. 


PROBABILITY OF OVERLAPPING EVENTS 


For two overlapping events A and B, the probability that either of the events 
occurs is the sum of the probabilities of the events, minus the probability 
that both events occur. 


P(A or B) = P(A) + P(B) — P(Aand B) Events A and Bare overlapping. 
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PEXAMPLE 5 ] Finding the Probability of Overlapping Events 


You roll a number cube. What is the probability that you get an odd number or a 
number greater than 3? 


SOLUTION 


Find the probabilities of the events. Let event A be getting an odd number and let 
event B be getting a number greater than 3. 


P(A) = , Of the 6 numbers, 3 are odd (1, 3, 5). 
P(B) = 2 Of the 6 numbers, 3 are greater than 3 (4, 5, 6). 
P(A and B) = 73 Of the 6 numbers, 1 is odd and greater than 3 (5). 


Find the probability of the events. 


P(A orB) = 2+ 3-2 =2~083 


> The probability that the number is odd or greater than 3 is about 0.83. 


EXERCISES 


Decide whether the events are independent or dependent. 


1. You toss a coin two times. 
Event A: Get tails on the first toss. 
Event B: Get tails on the second toss. 


2. A box contains blue and yellow paper clips. You randomly choose a paper 
clip, then choose another without replacing the first paper clip. 
Event A: The first paper clip is blue. 
Event B: The second paper clip is yellow. 


3. A bag contains tulip bulbs and daffodil bulbs. You randomly choose a bulb, 
plant it, and randomly choose another bulb. 
Event A: The first bulb is a daffodil bulb. 
Event B: The second bulb is a daffodil bulb. 


4. You randomly choose a card from a standard deck of 52 cards. You put the 
card back in the deck and then your friend randomly chooses a card. 
Event A: You choose the queen of diamonds. 
Event B: Your friend chooses the six of clubs. 


5. Each week you and your sister assign chores by writing the chores on pieces 
of paper and randomly choose them from a hat. 
Event A: You choose “rake the leaves” the first week of October. 
Event B: You choose “rake the leaves” the second week of October. 
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Events A and B are independent. Find the indicated probability. 


6. P(A) = 0.5 7. P(A) = 0.6 8. P(A) = 2. 
P(B) = 0.8 P(B) = 2. P(B) = 0.5 
P(A and B) = 2. P(A and B) = 0.24 P(A and B) = 0.055 
Events A and B are dependent. Find the indicated probability. 
9. P(A) = 0.9 10. P(A) = 0.2 11. P(A) = 2 
P(B|A) = 0.7 P(B|A) =_2. P(B|A) =0.4 
P(A and B) = 2. P(A and B) = 0.042 P(A and B) = 0.34 


Decide whether the situation describes independent or dependent events. 
Then answer the question. 


12. You plant a fruit tree. The probability that the tree will survive its first winter 
is 0.8. If it survives the first winter, the probability that the tree will bear fruit 
by its fourth year is 0.6. What is the probability that the tree will bear fruit by 
its fourth year? 


13. You toss a coin and roll a number cube. What is the probability that you get 
tails and a 3? 


14. A bucket of tennis balls contains 12 yellow, 5 orange, and 3 pink tennis balls. 
You randomly choose a ball, put it back, and randomly choose another ball. 
What is the probability that the first ball is yellow and the second ball is 
orange? 


15. A bowl contains 22 green grapes and 28 purple grapes. You randomly choose 
a grape, eat it, and randomly choose another grape. What is the probability 
that both grapes are green? 


In Exercises 16 and 17, use the following information. 
The formula for finding the probability of independent events can be extended to 
three or more events. This is also true for dependent events. 


16. You are assigned a 4 digit personal identification number (PIN) for use with 
your bank card. Each of the digits can be a whole number from 0 to 9, and 
the digits can repeat. What is the probability that your PIN is 1234? 


17. In Exercise 16, suppose that the digits cannot repeat. What is the probability 
that your PIN is 1234? 


In Exercises 18 and 19, read the first 100 words of a book. Count the 
number of words that satisfy each of the events below, which are 
independent. 


Event A: The word starts with a vowel. 
Event B: The word has more than four letters. 
Event €: The word has one letter. 


18. You randomly choose a word from the first 100 words. What is the 
probability that the word starts with a vowel and has more than four letters? 


19. You randomly choose a word from the first 100 words. What is the 
probability that the word starts with a vowel and has one letter? 
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Events A and B are mutually exclusive events. Find P(A or B). 


20. P(A) = 0.2 21. P(A) = 0.07 22. P(A) = 62% 
P(B) = 0.12 P(B) = 0.33 P(B) = 15% 


Events A and B are mutually exclusive events that involve rolling a number 
cube. Find P(A or B). 


23. Event A: Get a number greater than 4. 
Event B: Get a number less than 4. 


24. Event A: Get a 2. 
Event B: Get an odd number. 


In Exercises 25-27, you randomly choose a letter from the word INDIANA. 
Find the probability of choosing the given letters. 


25. lor N 26. N or D 27. Aor N 


28. A wallet contains six $1 bills, one $5 bill, and three $10 bills. A bill is 
randomly chosen from the wallet. What is the probability that the bill is a 
$1 bill or a $5 bill? 


Events A and Bare overlapping events. Find P(A or B). 


29. P(A) =0.4 30. P(A) = 0.5 31. P(A) = 11% 
P(B) = 0.5 P(B) = 0.5 P(B) = 58% 
P(A and B) = 0.2 P(A and B) = 0.375 P(A and B) = 23% 


In Exercises 32-35, events A and B are overlapping events that involve 
spinning the spinner below. Find P(A or B). 


32. Event A: Lands on an odd number. 
Event B: Lands on green. 


33. Event A: Lands on an even number. 
Event B: Lands on yellow. 


34. Event A: Lands on green. 
Event B: Lands on a number divisible by 3. 


35. Event A: Lands on a number greater than 4. 
Event B: Lands on a number less than 11. 


36. A standard deck of 52 playing cards contains 13 cards in each of the 
following four suits: hearts, diamonds, clubs, and spades. You randomly 
choose a card from the deck. What is the probability that the card is a 
4 or a club? 


Events A and B are complementary. Use the following information to find 
the indicated probability. 

Two mutually exclusive events in which one or the other event must occur are 
called complementary events. The sum of the probabilities of two complementary 
events is 1. So, if A and B are complementary events, then P(A) + P(B) = 1. 


37. P(A) = 2. 38. P(A) = 0.14 39. P(A) = 2. 
P(B) = 0.6 P(B) = 2. P(B) = 28% 
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[ Study Tip 


The Greek letter 7 (pi) 
is often approximated 
by the number 3.14. 


Estimation and 
Reasonableness 


GOAL ) Use estimation to solve problems and to determine whether 
answers are reasonable. 


Some real-world problems require only an estimate for an answer instead of an 


exact answer. Before using estimation, you need to decide whether estimation is 
appropriate. 


EXAMPLE 1 ] Deciding Whether Estimation is Appropriate 


A music store is having a sale on CDs. All of the new releases have a sale price 
of $10.88, which includes tax. Erik wants to buy 3 CDs that are new releases. 
Decide whether an estimate or an exact answer is appropriate. Then solve. 


a. How much money should Erik take with him to pay for the CDs? 
b. What is the total cost of the CDs? 


SOLUTION 


a. An estimate is appropriate. To be sure that Erik has enough money, he should 
round up: $11 + 3 = $33. So, Erik should bring $33. 


b. An exact answer is appropriate. 


$10.88 + 3 = $32.64 


Estimation can often be used to check the reasonableness of an answer. 


EXAMPLE 2 ] Using Estimation to Check Reasonableness 


Determine whether the answers to the problem are reasonable. 


Problem Use the formula S = 2ar? + 2arh to find the 
surface area S (in square meters) of the cylinder at the right. 


Susan’s answer: about 324 m? 


. . A r=6.lm 
Len’s answer: about 525 m h=7.6m 


SOLUTION 


To find an estimate of the surface area, round the radius, height, and pi to the 
nearest whole number: S ~ 2(3)(6*) + 2(3)(6)(8) = 504 m. 


The estimate of 504 square meters is not close to Susan’s answer, but it is close to 
Len’s answer. So, Susan’s answer is not reasonable and Len’s answer is reasonable. 
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ESTIMATION METHODS Front-end estimation can be used to estimate a sum 
when all the numbers have the same number of digits. When numbers being 
added have about the same value, clustering can be used to estimate their sum. 
Different types of estimation may yield different levels of accuracy. 


T EXAMPLE 3 } Comparing Estimation Methods 


You recently started working at a grocery store. The table below shows the 
amounts of your first 6 paychecks. 


a. Use front-end estimation to estimate your total pay for the 6 weeks. 


b. Use clustering to estimate your total pay for the 6 weeks. 


c. Find the actual total. Which method gives a closer estimate? Why? 


SOLUTION 


a. To use front-end estimation, add the values of the greatest digits to get a 
low estimate. Then use the remaining digits to adjust the sum and get a 
closer estimate. 


@ Add the values of © Approximate the sum © Add the two sums. 


the tens’ digits. of the remaining digits. 
30.44 30.44 210 
31.62 31.62 —~about 10 more + 20 
38.12 38.12 7 230 
40.01 40.01 
43.19 43.19 — about 10 more 

+ 46.88 + 46.88 7 

210 about 20 more 


> Your total pay for the first 6 weeks is about $230. 


b. When a group of data are clustered, you can choose a convenient value near 
the center of the cluster to represent each data value in the group. 


In the table, the amounts cluster around $40. An estimate of the sum is given 
by 6 + 40 = 240. 
> Your total pay for the first 6 weeks is about $240. 


c. The actual total is $230.26. The estimate obtained by front-end estimation is 
closer than the estimate obtained by clustering. The estimate obtained by 
clustering is greater than the estimate obtained by front-end estimation 
because the value chosen to represent the data in the cluster group is greater 
than the average data value in the cluster. 
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EXERCISES 


SOOPER E EERE EEE EEE E EEE E ESET EEE EEE EEEEEEEEEEEEEE EE EEE SESE EEEEEEEEEEEEEEEEEEEEEEEEEEEEES 


Decide whether an estimate or an exact answer is appropriate. 
1. the balance of a bank account on a bank statement 
2. the number of hours spent doing homework during a week 
3. the amount of money left as a tip for a waiter 


4. a baseball player’s batting average on a baseball card 


Decide whether an estimate or an exact answer is appropriate. Then solve 
the problem. 


5. You are helping prepare fundraising materials. It takes you 28 seconds to 
stuff an envelope and put an address label on the envelope. How many 
minutes should it take you to prepare 50 envelopes? 


6. You have received the following scores on your science tests: 76, 82, 91, 87, 
89. What is your average? 


Determine whether the answer to the problem is reasonable. Explain your 


reasoning. 
7. Problem Evaluate 5x — 5 when x = 6.1. Answer 25.5 
8. Problem Evaluate 3z” + z when z = —1.9. Answer —12.73 
9. Problem Evaluate 27t1r when r = 4.8 ft. Answer 9.6 ft 
10. Problem Solve 9.85x = 66.98. Answer x = 6.8 


11. An airplane travels 1448 miles in 3 hours 20 minutes. A passenger calculates 
the average speed of the aircraft to be 580 miles per hour. Use an estimate to 
decide if the calculation is reasonable. 


In Exercises 12-15, use the following information. 

You are waiting in line to pay for several items at a grocery store. You want to be 
sure that you will have enough money for the items. The prices of the items are 
$5.89, $3.23, $1.79, $2.97, $6.78, $3.44, and $4.88. 


12. Estimate the total price by adding the values of the ones’ digits, ignoring the 
decimal parts. 


13. Is your estimate in Exercise 12 high or low? Is your estimate appropriate for 
the situation? Explain. 


14. Estimate the total price by rounding each dollar amount up to the next whole 
number and adding the rounded amounts. 


15. Is your estimate in Exercise 14 high or low? Is your estimate appropriate for 
the situation? Explain. 


16. The weights (in pounds) of the starting defensive players for a football team 
are listed below. Use clustering to estimate the total weight of the starting 
defensive players. 


216, 218, 220, 224, 230, 245, 251, 265, 268, 272, 278 
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In Exercises 17-19, use the following information. 
You are mailing a box of items to a relative. The weights (in ounces) of 
the items are listed below. 


12.5, 13.2, 13.6, 20.8, 21.9, 22.7, 22.9 


17. Use front-end estimation to estimate the total weight of the items in the box. 
18. Use clustering to estimate the total weight of the items in the box. 


19. Find the actual weight of the items in the box. Which method gives a closer 
estimate? Explain. 


In Exercises 20 and 21, use the cube at the right. 


20. Estimate the volume of the cube. (The volume V of 
a cube is given by the formula V = s°, where s is the 
length of a side of the cube.) 


21. Use a calculator to compare the actual volume of 
the cube to your estimate from Exercise 20. By 
what percent does your estimate differ from the 11.8 in. 
actual volume? 


In Exercises 22-25, use the following information. 
Recall that if a = b’, then Va = b. For example, because 9 = 3°, V9 = 3. 


22. Determine whether V21 is closer to 4 or 5. Explain your reasoning. 

23. On a number line, between what two consecutive integers does V154 lie? 
24. Find the value of V227 to the nearest whole number. 

25. Estimate the value of 7.15 + 3.9V89 by using whole number estimates. 


In Exercises 26-28, use estimation to solve the problem. 


26. The time it takes a pendulum to swing back and forth is called its period. 
The formula T = 277 sa can be used to find the period T (in seconds) of a 
pendulum with a length of L inches. Estimate the period of a pendulum that 


is 90 inches long. 


27. A sphere with radius r has a surface area S of 220 square centimeters. Use the 
formula S = 4zrr? to estimate the length of the radius. 


28. As Earth orbits the sun, the distance from Earth to the sun varies from about 
9.14 X 107 to 9.45 X 10’ miles. The speed of light is 186,282 miles per 
second. Estimate the time, in seconds, it takes for light from the sun to reach 
Earth when Earth is 9.1421555 X 10’ miles from the sun. 
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absolute value (p.65) The distance between the origin and 
the point representing the real number. The symbol |a| 
represents the absolute value of a number a. 


algorithm (p.39) A step-by-step process used to solve a 
problem. 


asymptote (p.692) A line that a graph approaches. The 
distance between the graph and the line approaches zero. 


axioms (p. 758) A The basic properties of mathematics that 
mathematicians accept without proof. 


axis of symmetry of a parabola (p.518) The line passing 
through the vertex that divides the parabola into two 
symmetric parts. The two symmetric parts are mirror images 
of each other. See also parabola. 


bar graph (p.41) A graph that organizes a collection of data 
by using horizontal or vertical bars to display how many times 
each event or number occurs in the collection. 


base number of a percent equation (p. 649) The number 
that is being compared fo in any percent equation. The 
number b in the verbal model a is p percent of b. 


base of a power (p.9) The number or variable that is used as 
a factor in repeated multiplication. For example, in the 
expression 4°, 4 is the base. 


best-fitting line (p.292) A line that best fits the data points 
on a scatter plot. 


binomial (p.576) A polynomial with two terms. 


box-and-whisker plot (p.375) A data display that divides a 
set of data into four parts. The box represents half of the data. 
The segments, or whiskers, extend to the least and greatest 
data items. 


34 56 70 82 108 
First Second Third 
quartile quartile quartile 


center of a hyperbola (p. 692) The point (/, k) in the graph 


Greatest 
number 


Least 
number 


of the rational function f(x) = a +k. 


closed set (p.113) A set of numbers is closed under an 
operation if applying the operation to any two numbers in the 
set results in another number in that set. This set is said to 
have closure. 


coefficient (p.102) A number multiplied by a variable in a 
term. The number is the coefficient of the variable. 


completing the square (p. 730) The process of rewriting a 
quadratic equation so that one side is a perfect square 
trinomial. 


compound inequality (p.346) Two inequalities connected 
by and or or. 


conclusion (pp. 187, 739) The “then” part of an if-then 
statement. In the statement “If p, then gq,” qg is the conclusion. 


conjecture (p.759) A statement that is thought to be true but 
is not yet proved. Often it is a statement based on observation. 


conjugates (p.717) The expressions (a + Vb) and (a = Vb) 
are conjugates of each other. 


consecutive integers (p. 149) Integers that follow each other 
in order. For example, 4, 5, 6. 


constant terms (p.102) Terms with no variable factors. For 
example, inx + 2 — 5x — 4, the constant terms are 2 and —4. 


constant of variation (p.234) The constant in a variation 
model. Represented by the variable k. See also direct variation 
and inverse variation. 


converse of a statement (p. 739) A related statement in 
which the hypothesis and conclusion are interchanged. The 
converse of the statement “Tf p, then q” is “If g, then p.” 


coordinate plane (p. 203) A plane formed by two real 
number lines that intersect at a right angle. 
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correlation (p. 295) The relationship between two data sets. 


+ 


i=) 


uadrantill = 


yi 
e 
x 
Positive Negative Relatively no 
correlation correlation correlation 


cosine (p.752) See trigonometric ratio. 
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counterexample (p.66) An example used to show that a 
given statement is false. 


data (p.40) Information, facts, or numbers used to describe 
something. 


decay factor (p. 484) The expression 1 — r in the exponential 
decay model where r is the decay rate. See also exponential 
decay. 

decay rate (p. 484) The variable r in the exponential decay 
model. See also exponential decay. 


deductive reasoning (p. 187) Reasoning where a conclusion 
is reached based on facts, definitions, rules, or properties. 


degree of a polynomial (p.576) The largest degree of the 
terms of the polynomial. 


degree of a term (p.576) The exponent of the variable of the 
term. 


direct variation (pp. 234,656) The relationship of two 
variables x and y if there is a nonzero number k such that 


y=k, or = k. The variables x and y vary directly. 


discriminant (p.541) The expression b? — 4ac where 
a, b, and c are coefficients of the quadratic equation 
ar t+bx+c=0. 


distance formula (p. 745) The distance d between the points 
(x1, ¥;) and (x9, y>) is 


d = V(xq — xy)? + (y2 — yy)’. 


distributive property (p.100) The product of a and (b + c): 
a(b + c) = ab + ac or (b + c)a = ba + ca. The product of a 
and (b — c): a(b — c) = ab — ac or (b — c)a = ba — ca. 


domain of a function (p.47) The collection of all input 
values. 


entry or element of a matrix (p.86) Each number in the 
matrix. See also matrix. 


equation (p.24) A statement formed when an equal sign is 
placed between two expressions. 


equivalent equations (p. 132) Equations with the same 
solutions as the original equation. 


equivalent inequalities (p.335) Inequalities with the same 
solution(s). 


evaluating the expression (p.3) To find the value of an 
expression by replacing each variable by a number. 


event (p.114) A collection of outcomes. 


experimental probability (p. 115) A probability that is 
based on repetitions of an actual experiment. 


exponent (p.9) The number or variable that represents the 
number of times the base is used as a factor. For example, in 
the expression 4°, 6 is the exponent. 
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exponential decay (p. 484) A quantity that is decreasing by 
the same percent in each unit of time ¢ where C is the initial 
amount. 


Exponential decay model: y = C(1 — r)' 


exponential function (p. 458) A function of the form 
y = ab’, where b > Oandb # 1. 


exponential growth (p.477) A quantity that is increasing by 
the same percent in each unit of time ¢ where C is the initial 
amount. 


Exponential growth model: y = C(1 + r)‘ 


extraneous solution (pp. 644, 723) A trial solution that does 
not satisfy the original equation. 

extremes of a proportion (p. 643) In the proportion > = ai 
a and d are the extremes. 


| [| a ores 


factor (p.777) The numbers and variables that are multiplied 
in an expression. For example, 4 and 9 are factors of 36 and 6 
and x are factors of 6x. 


factor a polynomial completely (p. 625) To write a 
polynomial as the product of: 

* monomial factors 

* prime factors with at least two terms. 
factor a quadratic expression (p. 604) To write a quadratic 
expression as the product of two linear expressions. 


factored form of a polynomial (pp. 597, 625) A polynomial 
that is written as the product of two or more prime factors. 


favorable outcomes (p. 114) The outcomes for a particular 
event that are being considered. See also outcomes. 


FOIL pattern (p.585) A pattern used to multiply two 
binomials. Multiply the First, Outer, Inner, and Last terms. 


For example, (x + 4)(2x + 3) = 2x? 
= 2x7 + I1x + 12 


formula (p.174) An algebraic equation that relates two or 
more real-life quantities. 


function (p.46) A rule that establishes a relationship between 
two quantities, called the input and the output. For each input, 
there is exactly one output. 


function form (p. 176) A two-variable equation is written in 
function form if one of its variables is isolated on one side of 
the equation. The isolated variable is the output and is a 
function of the input. 


function notation (p.257) A way to name a function that is 
defined by an equation. For an equation in x and y, the symbol 
f(x) replaces y and is read as “the value of f at x” or simply as 
“f of Pol 


generalization (p. 187) A conclusion based on several 
observations. 


geometric mean (p. 723) The geometric mean of a and b is 
Vab. 


geometric probability (p.666) The 
probability P that an object is tossed 
onto Region A and lands in Region B 
where Region B is contained in 
Region A is 
_ Area of Region B 
Area of Region A* 


graph of an equation in two variables (p.210) The set of 
all points (x, y) that are solutions of the equation. 
graph of a function (p. 257) The set of all points (x, f(x)), 
where x is in the domain of the function. 
graph of a linear inequality in one variable (p.334) The 
set of points on a number line that represents all solutions of 
the inequality. 

x= 2 


-3-2-1 0 1 2 3 


graph of a linear inequality in two variables (p. 360) 
The graph of all ordered pairs (x, y) that are solutions of the 
inequality. 


graph of a number (p.63) The point that corresponds to 
a number. 


graph of an ordered pair (p.203) The point in the plane 
that corresponds to an ordered pair (x, y). 


graph of a quadratic inequality (p.548) The graph of all 
ordered pairs (x, y) that are solutions of the inequality. 


graph of a system of linear inequalities (p.432) The graph 
of all solutions of the system. 


grouping symbols (p.10) Symbols such as parentheses () or 
brackets [ ] that indicate the order in which operations should 
be performed. Operations within the innermost set of 
grouping symbols are done first. 


growth factor (p.477) The expression | + rin the 
exponential growth model where r is the growth rate. 


growth rate (p.477) The variable r in the exponential growth 
model. See also exponential growth. 


half-plane (p.360) In a coordinate plane, the region on either 
side of a boundary line. 


hyperbola (p. 692) 


The graph of a Branches 
rational function of the 

hyperbola 
f@) = =F + k, os 


whose center is (h, k). 


hypotenuse (p. 738) The side opposite the right angle in a 
right triangle. 


hypothesis (pp. 187, 739) The “if” part of an if-then statement. 
In the statement “If p, then g,” p is the hypothesis. 


identity (p. 155) An equation that is true for all values of the 
variables. 


if-then statement (p. 187) A statement of the form “If p, then 
q;’ where p is the hypothesis and q is the conclusion. 


indirect proof (p.760) A type of proof where it is first 
assumed that the statement is false. If this assumption leads to 
an impossibility, then the original statement has been proved 
to be true. 


inductive reasoning (p.187) A form of reasoning in which 
a conclusion is reached based on several observations. 


inequality (p.26) A sentence formed when an inequality 
symbol is placed between two expressions. 


initial amount (pp. 477, 484) The variable C in the exponential 
growth or decay model. See also exponential growth and 
exponential decay. 


input (p.46) See function. 


input-output table (p.46) A table used to describe a 
function by listing the inputs and outputs. 


integers (p.63) Any of the numbers ... —3, —2, —1, 0, 1, 2, 
Bret 


intersecting lines (p. 426) Two lines that share exactly one 
point. 


inverse operations (p. 132) Operations that undo each other, 
such as addition and subtraction. 


inverse variation (p. 656) The relationship of two variables 
x and y if there is a nonzero number k such that xy = k, or 


y= E The variables x and y vary inversely. 


Glossary 


—— 


Soc csesee sees eee este e see rr ere 


PPR H RRR H ORE E EEE EEE EEE EEE EES 


ae : Zod: ladiadl 


oy 


: 
: 
. 
. 
. 
. 
: 
. 
: 
. 
. 
. 
nd 
2 


ue ee 


846 


* 
. 
. 
. 
. 
. 
° 
° 
. 
. 
. 
. 
. 
. 
© 
. 
. 
. 
. 
. 
. 
. 
° 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 


irrational number (p.504) A number that cannot be written 
as the quotient of two integers. 


IIT, <acovecite cobavciepacincaddedteaeimamacicenenreie 


leading coefficient (pp. 505, 576) The coefficient of the first 
term in a polynomial written in standard form. 


least common denominator, LCD (p.677) The least 
common multiple of the denominators of two or more 
fractions. 


legs of a right triangle (p. 738) The two sides of a right 
triangle that are not opposite the right angle. 


like terms (p. 102) Terms that have the same variable raised 
to the same power. 


line graph (p. 42) A graph that uses line segments to connect 
data points. It is especially useful for showing changes in data 
over time. 


linear combination (p. 411) An equation obtained by adding 
one of two equations (or a multiple of one of the equations) to 
the other equation in a linear system. 


linear equation in one variable (p. 133) An equation in 
which the variable is raised to the first power and does not 
occur in a denominator, inside a square root symbol, or inside 
an absolute value symbol. 


linear extrapolation (p.318) A method of estimating the 
coordinates of a point that lies to the right or left of all of the 
given data points. 


linear inequality in x and y (p.360) An inequality that can 
be written as follows: 
ax + by<c 
ax + by>c 


ax + bySc 
ax + by=c 


linear interpolation (p.318) A method of estimating the 
coordinates of a point that lies between two given data points. 


linear model (p.274) A linear function that is used to model 
a real-life situation. In the linear model y = mx + b, m is the 
rate of change and 5 is the initial amount. 


mathematical model (p.33) An expression, equation, or 
inequality that represents a real-life situation. 


matrix (p.86) A rectangular arrangement of numbers into 
horizontal rows and vertical columns. The plural of matrix is 
matrices. 


column 
3 1 0 8 
row ——>| =] a -2 
5 —7 3} 6 


mean or average (p. 369) The sum of n numbers divided by n. 


means of a proportion (p. 643) In the proportion = 2 


b and c are the means. 


measure of central tendency (p.369) A number that is used 
to represent a typical number in a data set. See also mean, 
median, and mode. 
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median (p.369) The middle number of a collection of 

n numbers when the numbers are written in numerical order. 
If n is even, the median is taken to be the average of the two 
middle numbers. 


midpoint between two points (p. 747) The midpoint of the 
line segment connecting them. 


midpoint formula (p. 747) The midpoint between (x, y,) 


+ + 
and (x5, ya) is (Gas al 


mode (p.369) The number that occurs most frequently in a 


collection of n numbers. A set of data can have more than one 
mode or no mode. 


modeling (p.33) Writing algebraic expressions, equations, or 
inequalities that represent real-life situations. 


monomial (p.576) A polynomial with only one term. 


negative numbers (p. 63) Any of the numbers less than zero. 
See also real number line. 


negative square root (p. 503) One of two square roots of a 
positive real number. 


odds (p.116) The ratio of the number of ways an event can 
occur to the number of ways the event cannot occur. 


open sentence (p.24) An equation that contains one or more 
variables. 


opposites (p.65) Two points on a number line that are the 
same distance from the origin but are on opposite sides of it. 


order of operations (p.16) The rules established to evaluate 
an expression involving more than one operation. 


ordered pair (p.203) A pair of numbers used to identify a 
point in a plane. See also coordinate plane. 


origin of a coordinate plane (p.203) The point (0, 0) ina 
coordinate plane at which the horizontal axis intersects the 
vertical axis. See also coordinate plane. 


origin of a number line (p. 63) The point labeled zero on a 
number line. 


outcomes (p.114) The different possible results of a 
probability experiment. 


output (p.46) See function. 


parabola (p.518) The U-shaped graph of a quadratic 
function. 


—8 S| 12x 


|—12 


x-intercept’ x-intercept — 
au 
= 5x —8 


parallel lines (p. 242) Two different 
lines in the same plane that do 
not intersect. 


percent of decrease (p. 484) The expression 100r is the 
percent of decrease where r is the decay rate in the 
exponential decay model. 


percent of increase (p. 477) The expression 100r is the 
percent of increase where r is the growth rate in the 
exponential growth model. 


perfect square (p.504) A number whose square roots are 
integers or quotients of integers. 


perpendicular lines (p. 246) Two nonvertical lines in the 
same plane such that the slope of one line is the negative 
reciprocal of the slope of the other. 


A vertical line and a horizontal line in the same plane are 
also perpendicular. 


1 | 3 ja 
perpendicular 
_lines 


plotting a point (pp. 63,203) Drawing 
the point on a number line that 
corresponds to a number. Drawing 

the point in a coordinate plane that 
corresponds to an ordered pair of 
numbers. 


point-slope form (p. 300) The equation of a nonvertical line 
y — yy = m(x — x,) that passes through a given point (x, y;) 
with a slope of m. 

polynomial (p.576) An expression which is the sum of terms 
of the form ax* where k is a nonnegative integer. 


positive numbers (p.63) Any of the numbers greater than 
zero. See also real number line. 


positive square root, or principal square root (p. 503) 
One of two square roots of a positive real number. 
postulates (p. 758) The basic properties of mathematics that 
mathematicians accept without proof. 

power (p.9) The result of repeated multiplication. For 
example, in the expression 47 = 16, 16 is the second power 
of 4. 


prime factor (p.625) A factor that is not the product of 
polynomials having integer coefficients. 


probability of an event (p.114) A measure of the likelihood 
that the event will occur due to chance. It is a number 
between 0 and 1, inclusive. 


properties of equality (p. 139) The rules of algebra used to 
transform equations into equivalent equations. 


proportion (p.643) An equation that states that two ratios are 
Ge 


equal. For example, bE a where a, b, c, and d are nonzero 


real numbers. 

Pythagorean theorem (p. 738) If a triangle is a right 

triangle, then the sum of the squares of the lengths of the legs 

a and b equals the square of the length of the hypotenuse c. 
at+bP=c leg 


a c 


hypotenuse 


b leg 


quadrant (p. 203) One of four parts into which the axes 
divide a coordinate plane. See also coordinate plane. 


quadratic equation in standard form (p.505) An equation 
written in the form ax” + bx + c = 0, where a # 0. 


quadratic formula (p.533) The formula used to find the 
solutions of the quadratic equation ax? + bx + c = 0, when 
a # Oand b* — 4ac = 0. 
~ be b? — 4ac 

2a 
quadratic function in standard form (p.518) A function 
written in the form y = ax? + bx + c, where a # 0. 


x 


quadratic inequality (p.548) An inequality that can be 
written as follows: 
y<art+bxt+e ysar+bxt+e 
y>art+bxt+e y2ar+bxt+e 
quadratic model (p. 554) A function used to model a 
collection of data or a real-life situation. 


Quadratic model: y = ax? + bx +c 
quartiles (p.375) Three numbers that separate a set of data 


into four parts. 


¢ The first quartile is the median of the lower half of the data. 

* The second quartile (or median) separates the data into 
two halves: the numbers that are below the median and the 
numbers that are above the median. 

¢ The third quartile is the median of the upper half of the data. 


radicand (p.503) The number or expression inside a radical 
symbol. 


range of a function (p. 47) The collection of all output 
values. 


rate of a per b (p.180) The relationship ; of two quantities 


a and b that are measured in different units. 
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rate of change (p.229) A comparison of two different 
quantities that are changing. Slope provides an important way 
of visualizing a rate of change. 


ratio of a to b (p.140) The relationship 3 of two quantities 
a and b that are measured in the same unit. 


rational equation (p. 690) An equation that contains rational 
expressions. 


rational expression (p. 664) A fraction whose numerator, 
denominator, or both numerator and denominator are nonzero 
polynomials. 


rational function (p. 692) A function of the form 

_ polynomial 

F(x) = polynomial’ 

rational number (p. 664) A number that can be written as 
the quotient of two integers. 


real number line (p. 63) A line that pictures real numbers as 
points. 


«Negative numbers Positive numbers => 


ee 
4 3 2 1 0 1 2 3 4 


real numbers (p.63) The set of numbers consisting of the 
positive numbers, the negative numbers, and zero. See also 
real number line. 


reciprocal (p. 108) it; is a nonzero number, then its reciprocal 


is z The product of a number and its reciprocal is 1. 


relation (p.256) Any set of ordered pairs (x, y). 


roots of a quadratic equation (p.526) The solutions of 
ax- + bx +c=0. 


round-off error (p. 166) The error produced when a decimal 
result is rounded in order to provide a meaningful answer. 


IA o-scicues daiteenceanct nahi demensuamsdeestaiiadtddedstioe<cs 


scalar multiplication (p.97) Multiplication of a matrix by a 
real number. 


scatter plot (p.204) A graph of pairs of numbers that 
represent real-life situations. It is a way to analyze the 
relationship between two quantities. 


scientific notation (p.470) A number expressed in the form 
c X 10", where 1 = c < 10 and nis an integer. 


similar triangles (p.140) Two triangles are similar if they 
have equal corresponding angles. It can be shown that this is 
equivalent to the ratios of the lengths of the corresponding 
sides being equal. 


Sides AB and DE 
correspond. 


B 


Sides AC and DF 
F correspond. 
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simplest form of a radical expression (p.512) An 
expression that has no perfect square factors other than | in 
the radicand, no fractions in the radicand, and no radicals 
appearing in the denominator of a fraction. 


simplified expression (p. 102) An expression is simplified if 
it has no symbols of grouping and if all the like terms have 
been combined. 


simplified rational expression (p. 664) A rational 
expression is simplified if its numerator and denominator 
have no factors in common (other than +1). 


sine (p.752) See trigonometric ratio. 


slope (p.226) The number of units a nonvertical line rises or 
falls for each unit of horizontal change from left to right. The 


slope m is m = a 
27 * 


slope-intercept form (pp. 241,273) A linear equation written 
in the form y = mx + b. The slope of the line is m. The 
y-intercept is b. See also slope and y-intercept. 


y=2x+3 


Slope is 2. 
y-intercept is 3. 


solution of an equation (p.24) A number that, when 
substituted for the variable in an equation, results in a true 
statement. 


solution of an inequality (p.26) A number that, when 
substituted for the variable in an inequality, results in a true 
statement. 


solution of a linear equation (p. 210) An ordered pair (x, y) 
is a solution of a linear equation if the equation is true when 
the values of x and y are substituted into the equation. 


solution of a linear inequality (p.360) An ordered pair 

(x, y) is a solution of a linear inequality if the inequality is 
true when the values of x and y are substituted into the 
inequality. 

solution step (p. 133) The result of applying a transformation 
to an equation when solving the equation. 


solution of a system of linear equations in two variables 
(p. 398) An ordered pair (x, y) that satisfies each equation in the 
system. 


solution of a system of linear inequalities (p. 432) An 
ordered pair (x, y) that is a solution of each inequality in the 
system. 


solving an equation (p. 25) Finding all the solutions of an 
equation. 


solving a right triangle (p. 753) Finding the lengths of the 
other two sides of a right triangle, given the measure of one 
acute angle and the length of one side of the right triangle. 


square root (p.503) If b” = a, then b is a square root of a. 
Square roots are written with a radical symbol Ao 


square root function (p.709) The function defined by 

y= Vx. 

standard form of an equation of a line (p.308) A linear 
equation of the form Ax + By = C where A, B, and C are real 
numbers and A and B are not both zero. 


standard form of a polynomial (p.576) A polynomial 
whose terms are placed in descending order, from largest 
degree to smallest degree. 


stem-and-leaf plot (p.368) An arrangement of digits that is 
used to display and order numerical data. 


system of linear equations (p.398) Two or more linear 
equations in the same variables. This is also called a linear 
system. 


system of linear inequalities (p. 432) Two or more linear 
inequalities in the same variables. This is also called a system 
of inequalities. 


tangent (p.752) See trigonometric ratio. 


terms of an expression (p.80) The parts that are added in an 
expression. For example, in the expression 5 — x, the terms 
are 5 and —x. 


theorem (pp. 738, 759) A statement that can be proven to be 
true. 


theoretical probability (p.114) A type of probability that 
is based on the number of favorable outcomes divided by the 
total number of outcomes. 


time period (p.477) The variable ¢ in the exponential growth 
and decay models. See also exponential growth and 
exponential decay. 


transform an equation (p. 132) To change an equation into 
an equivalent equation. 


trigonometric ratio (p. 752) The ratio of the lengths of two 
sides of a right triangle. For example: 


id ite ZA 
gin A = Side opposite B 
hypotenuse hypotenuse aie 
_ side adjacent to ZA a opposite 
one hypotenuse ZA 
tan A — Side opposite 2A A b C 


side adjacent to ZA side adjacentto 7A 


trinomial (p.576) A polynomial with three terms. 


unit analysis (p.5) Writing the units of each variable in a 
real-life problem to help determine the units for the answer. 


unit rate (p.180) A rate per one given unit. 


values (p.3) The numbers represented by variables. 


variable (p.3) A letter that is used to represent one or more 
numbers. 


variable expression (p.3) A collection of numbers, 
variables, and operations. 


velocity (p.66) The speed and direction in which an object is 
traveling (up is positive and down is negative). The speed of 
an object is the absolute value of its velocity. 


verbal model (p.5) An expression that uses words to 
represent a real-life situation. 


vertex of a parabola (p.518) The lowest point of a parabola 
that opens up or the highest point of a parabola that opens 
down. See also parabola. 


vertical motion models (p.535) A model for the height of a 
falling object that is dropped and the model for an object 
thrown down or up. 


| a nenee eee re 


x-axis (p. 203) The horizontal axis in a coordinate plane. See 
also coordinate plane. 


x-coordinate (p. 203) The first number in an ordered pair. See 
also ordered pair and plotting a point. 


x-intercept (p.218) The x-coordinate of a point where a 
graph crosses the x-axis. 


y-axis (p. 203) The vertical axis in a coordinate plane. See 
also coordinate plane. 


y-coordinate (p.203) The second number in an ordered pair. 
See also ordered pair and plotting a point. 


y-intercept (p.218) The y-coordinate of a point where a 
graph crosses the y-axis. 


zero-product property (p.597) If a and b are real numbers 
and ab = 0, then a = Oorb=0. 
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absolute value (p.65) valor absoluto La distancia entre el 
origen y el punto que representa el nimero real. El simbolo 
a| representa el valor absoluto de un numero a. 


algorithm (p.39) algoritmo Un proceso para resolver un 
problema que se Ileva a cabo paso a paso. 


asymptote (p.692) asintota Una recta a la que se acerca una 
grafica. La distancia entre la grafica y la recta va acercandose 
a cero. 


axioms (p. 758) axiomas Las propiedades fundamentales de 
las matematicas que los matematicos aceptan sin pruebas. 


axis of symmetry of a parabola (p. 518) eje de simetria 
de una parabola La recta que al pasar por el vértice divide 
una parabola en dos partes simétricas. Las dos partes 
simétricas son imagenes especulares entre si. Ver también 
parabola / parabola. 


bar graph (p.41) grafica de barras Una grafica que 
organiza un conjunto de datos mediante el uso de barras 
horizontales 0 verticales para mostrar cuantas veces cada 
suceso 0 numero ocurre en el conjunto. 


base number of a percent equation (p. 649) ntimero 
basico de una ecuacién de porcentaje El ntimero al que 
se compara en una ecuacién de porcentaje. El nimero b del 
modelo verbal: a es el porcentaje p de b. 


base of a power (p.9) base de una potencia El nimero o 
variable que se usa como factor en la multiplicaci6n repetida. 
Por ejemplo, en la expresién 4°, 4 es la base. 


best-fitting line (p.292) recta que mejor se ajusta La 
recta que se ajusta mejor a los puntos de datos de un diagrama 
de dispersién. 

binomial (p.576) binomio Un polinomio con dos términos. 


box-and-whisker plot (p.375) grafica de frecuencias 
acumuladas Una manera de mostrar datos que divide un conjunto 
de datos en cuatro partes. La caja representa la mitad de los datos. Los 
segmentos se extienden hacia los datos mayor y menor. 


30; 40 50 ;60 70 80, 90 100 4110 


34 56 70 82 108 
Numero Primer Segundo Tercer Numero 
menor cuartil cuartil cuartil mayor 


center of a hyperbola (p. 692) centro de una hipérbola 


El punto (h, k) de la grafica de la funci6n racional 
f= — +k. 
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closed set (p. 113) conjunto cerrado Un conjunto de 
nuimeros se cierra bajo una operacion si al aplicar la operacion 
a dos nimeros cualesquiera en el conjunto resulta otro 
numero contenido en el conjunto. Se dice que tal conjunto 
esta cerrado. 


coefficient (p.102) coeficiente Un nimero multiplicado por 
una variable en un término. El nimero es el coeficiente de la 
variable. 


completing the square (p.730) completar el cuadrado 
El proceso de volver a escribir una ecuaci6n cuadratica de 
manera que un lado sea un trinomio cuadrado perfecto. 


compound inequality (p.346) desigualdad compuesta 
Dos desigualdades conectadas por y uo. 


conclusion (pp. 187, 739) conclusion La parte “entonces” de 
un enunciado “si..., entonces...” En el enunciado “si p, 
entonces q”, g es la conclusion. 


conjecture (p.759) conjetura Un enunciado que se piensa 
es verdadero pero que todavia no ha sido probado. A menudo 
se trata de un enunciado basado en la observacién. 


conjugates (p.717) conjugados Las expresiones (a + Vb) 
y (a = Vb) son conjugados entre si. 


consecutive integers (p. 149) ntimeros enteros 
consecutivos Ntimeros enteros que van seguidos. Por 
ejemplo, 4, 5, 6. 


constant terms (p. 102) términos constantes Términos sin 
factores variables. Por ejemplo, en x + 2 — 5x — 4, los 
términos constantes son 2 y —4. 


constant of variation (p.234) constante de variacién 

La constante de un modelo de variacién. Se representa con 

la variable k. Ver también direct variation / variacion directa e 
inverse variation / variacin inversa. 


converse of a statement (p. 739) reciproco de un 
enunciado Un enunciado relacionado en el que se 
intercambian la hipotesis y la conclusion. El recfproco del 
enunciado “Si p, entonces q”, es “Sig, entonces p”. 


coordinate plane (p. 203) plano de coordenadas Un plano 
formado por dos rectas numéricas reales que se cortan en un 
Angulo recto. 


-Cuadrante Il ~~~ Cuadrante | 
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correlation (p.295) correlaci6n La relacién entre dos 
conjuntos de datos. 


iy Ly 
° 
4 x x 
Correlacion Correlacion Ninguna 
positiva negativa correlacion 


cosine (p.752) coseno Ver trigonometric ratio / razon 
trigonométrica 


counterexample (p.66) contraejemplo Un ejemplo que se 
usa para mostrar que un enunciado es falso. 


DD esicceasesciecuvaaetmnvcsetsccecheudunscuvuectenni 


data (p.40) datos Informacién, hechos o ntimeros que se 
usan para describir algo. 


decay factor (p. 484) factor de decrecimiento La 
expresiOn | — r del modelo de decrecimiento donde r es la 
tasa de decrecimiento. Ver también decay rate / tasa de 
decrecimiento. 


decay rate (p. 484) tasa de decrecimiento La variable r 
del modelo de decrecimiento exponencial. Ver también 
exponential decay / decrecimiento exponencial. 


deductive reasoning (p. 187) razonamiento deductivo 
Razonamiento mediante el que se llega a una conclusién 
basandose en datos, definiciones, reglas 0 propiedades. 


degree of a polynomial (p.576) grado de un polinomio 
El mayor grado de los términos del polinomio. 


degree of a term (p.576) grado de un término El 
exponente de la variable del término. 


direct variation (pp. 234, 656) variaci6én directa La 
relaciOn entre dos variables x e y cuando hay un nimero 


k distinto a cero donde y = kx, 0 ~ = k. Las variables x e y 
varian directamente. 


discriminant (p.541) discriminante La expresién 
b* — 4ac donde a, b y c son coeficientes de la ecuacién 
cuadratica ax* + bx +c = 0. 


distance formula (p.745) formula de la distancia La 
distancia d entre los puntos (x1, y1) y (%, y2) es 


d = V(x) — x) + (9. — 4). 


distributive property (p. 100) propiedad distributiva 
El producto de ay (b + c): ab + c) = ab + ac 

0 (b + c)a = ba + ca. El producto de 

ay (b—c): a(b —c) = ab —ac 

0 (b — c)a = ba — ca. 


domain of a function (p.47) dominio de una funcién 
El conjunto de todos los valores de entrada. 


entry or element of a matrix (p.86) entrada 0 elemento 
de una matriz Cada uno de los nimeros de la matriz. Ver 
también matrix / matriz. 


equation (p.24) ecuaci6n Un enunciado formado cuando un 
signo de igualdad se pone entre dos expresiones. 
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equivalent equations (p. 132) ecuaciones equivalentes 
Ecuaciones con la misma soluci6on que la ecuaci6n original. 


equivalent inequalities (p.335) desigualdades 
equivalentes Desigualdades con la misma soluci6n o las 
mismas soluciones. 


evaluating the expression (p.3) evaluar la expresion 
Hallar el valor de una expresién mediante la sustitucién de 
una variable por un numero. 


event (p.114) suceso Un conjunto de casos. 


experimental probability (p. 115) probabilidad 
experimental Una probabilidad que se basa en repeticiones 
de un experimento real. 


exponent (p.9) exponente El nimero o variable que 
representa el nimero de veces que la base se usa como factor. 
Por ejemplo, en la expresién 4°, 6 es el exponente. 


exponential decay (p. 484) decrecimiento exponencial 
Una cantidad que disminuye en el mismo porcentaje durante 
cada unidad de tiempo ¢ donde C es la cantidad inicial. 


Modelo de decrecimiento exponencial: y = C(1 — r)' 


exponential function (p. 458) funcién exponencial Una 
funci6n que tiene la forma y = ab“, dondeb > Oy b # 1. 


exponential growth (p.477) crecimiento exponencial 
Una cantidad que aumenta en el mismo porcentaje durante 
cada unidad de tiempo ¢ donde C es la cantidad inicial. 


Modelo de crecimiento exponencial: y = C(1 + ry 


extraneous solution (pp. 644, 723) soluciOn extraiia Una 
soluci6n tentativa que no satisface la ecuaci6n original. 
extremes of a proportion (p. 643) extremos de 

una proporcién En la proporcién 7 
extremos. 


= 4, ay dson los 


factor (p.777) factor Los nimeros y las variables que se 
multiplican en una expresiOn. Por ejemplo, 4 y 9 son factores 
de 36 y 6 y x son factores de 6x. 


factor a polynomial completely (p. 625) factorizar un 
polinomio completamente Escribir un polinomio como el 
producto de: 

* factores monomiales 

* factores primos con por lo menos dos términos 


factor a quadratic expression (p.604) factorizar una 
expresion cuadratica Escribir una expresién cuadratica 
como el producto de dos expresiones lineales. 

factored form of a polynomial (pp. 597, 625) forma 
factorizada de un polinomio Un polinomio que se escribe 
como el producto de dos o mas factores primos. 
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favorable outcomes (p.114) casos favorables Los casos 
de un suceso determinado que se estan considerando. 
Ver también outcomes / casos. 


FOIL pattern (p.585) patron FOIL Un patron que se usa 
para multiplicar dos binomios. Se multiplican los primeros 
términos (First), los términos exteriores (Outer), los interiores 
(Inner) y los tiltimos (Last). 


Por ejemplo, (x + 4)(2x + 3) = 2x7 + 3x + 8x + 12 
= 2x7 + 11x + 12 


formula (p.174) formula Una ecuacién algebraica que 
relaciona dos o mas cantidades de la vida real. 


function (p.46) funcién Una regla que establece la relacién 
entre dos cantidades, Ilamadas entrada y salida. Para cada 
entrada, hay exactamente una salida. 


function form (p.176) forma de funci6n Una ecuacién de 
dos variables se escribe en forma de funci6n si una de sus 
variables se aisla en un lado de la ecuacion. La variable 
aislada es la salida y es una funcion de la entrada. 


function notation (p.257) notaci6én de funcién Una 
manera de nombrar una funcién definida por una ecuacion. 
Para una ecuacioén en x e y, el simbolo f(x) reemplaza a y y se 
lee como “el valor de fen x”, o simplemente como “f de x”. 


generalization (p. 187) generalizaci6n Una conclusi6n 
basada en varias observaciones. 


geometric mean (p.723) media geométrica La media 
geométrica de ay bes Vab. 


geometric probability (p. 666) 
probabilidad geométrica La 
probabilidad P de que un objeto 
lanzado en la regi6n A caiga en la 
region B cuando la region B se sittia 
dentro de la region A es: 


Area de la region B 
~ Area de la regién A 


graph of an equation in two variables (p.210) grafica de 
una ecuacion de dos variables El conjunto de todos los 
puntos (x, y) que sean soluciones de la ecuaci6n. 

graph of a function (p. 257) grafica de una funcién 

El conjunto de todos los puntos (x, f(x)), donde x esté en el 
dominio de la funcién. 

graph of a linear inequality in one variable (p. 334) 
grafica de una desigualdad lineal de una variable 

El conjunto de todos los puntos de una recta numérica que 
representen todas las soluciones de la desigualdad. 


x<2 


=3=2—1. 0 7 12. 38 
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graph of a linear inequality in two variables (p. 360) 
grafica de una desigualdad lineal de dos variables 
La grafica de todos los pares ordenados (x, y) que sean 
soluciones de la desigualdad. 


has | y 


graph of a number (p.63) grafica de un nimero El 
punto que corresponde a un ntimero. 


graph of an ordered pair (p. 203) grafica de un par 
ordenado E! punto del plano que corresponde a un par 
ordenado (x, y). 


graph of a quadratic inequality (p.548) grafica de una 
desigualdad cuadratica La grafica de todos los pares 
ordenados (x, y) que sean soluciones de la desigualdad. 


y| 


graph of a system of linear inequalities (p. 432) grafica 
de un sistema de desigualdades lineales La grafica de 
todas las soluciones del sistema. 


grouping symbols (p.10) signos de agrupacién Signos 
tales como paréntesis () 0 corchetes [ ] que indican el orden 
en que las operaciones deben realizarse. Se realizan primero 
las operaciones dentro de los signos mas interiores. 


growth factor (p.477) factor de crecimiento La expresién 
1 + rdel modelo de crecimiento exponencial donde r es la 
tasa de crecimiento. 


growth rate (p.477) tasa de crecimiento La variable r del 
modelo de crecimiento exponencial. Ver también exponential 
growth / crecimiento exponencial. 


half-plane (p.360) semiplano En un plano de coordenadas, 
la regidn de un lado o del otro lado de una recta limite. 


hyperbola (p. 692) y 


| 
hipérbola La grafica Ramas | ray 
de una funcién racional de la | (h, k) 
f= ay k, hipérbola 
x—h i a ert ioe are — 4 
cuyo centro es (h, k). : 
j<Asintotas 


hypotenuse (p. 738) hipotenusa El lado opuesto al angulo 
recto de un triangulo rectangulo. 


hypothesis (pp. 187, 739) hipdtesis La parte “si...;’ de un 
enunciado “si..., entonces...”. En el enunciado “Si p, 
entonces q’, p es la hipotesis. 


OD cssccossasaseeesetcsvuannsinweiercosinacns 


identity (p. 155) identidad Una ecuacion que es verdadera 
para todos los valores de las variables. 


if-then statement (p. 187) enunciado de “‘si..., 
entonces...” Un enunciado de la forma “‘Si p, entonces q” 
donde p es la hip6tesis y q es la conclusion. 


indirect proof (p.760) prueba indirecta Un tipo de prueba 
donde primero se asume que el enunciado es falso. Si esto 
lleva a una imposibilidad, entonces se ha probado que el 
enunciado original es verdadero. 


inductive reasoning (p. 187) razonamiento inductivo 
Una forma de razonamiento en el que se llega a una 
conclusion basandose en varias observaciones. 


inequality (p.26) desigualdad Una oraci6n formada al 
colocar un signo de desigualdad entre dos expresiones. 


initial amount (pp. 477, 484) cantidad inicial La variable 
C del modelo de crecimiento 0 decrecimiento exponencial. 
Ver también exponential growth / crecimiento exponencial 
y exponential decay / decrecimiento exponencial. 


input (p.46) entrada Ver function / funcion. 


input-output table (p. 46) tabla de entradas y salidas 
Una tabla usada para describir una funci6n mediante una lista 
de las entradas y salidas. 


integers (p.63) ntiimeros enteros Cualquiera de los 
numeros ... —3, —2, —1, 0, 1, 2, 3, .... 


intersecting lines (p.426) rectas que se cortan, rectas 
secantes Dos rectas que comparten exactamente un punto. 


inverse operations (p. 132) operaciones inversas 
Operaciones que se anulan entre si, como la suma y la resta. 


inverse variation (p.656) variacién inversa La relacién 
entre dos variables x e y si hay un ntimero k distinto a cero tal 


_ _k : Bak 
que xy =k,oy= 2 Las variables x e y varian inversamente. 


irrational number (p.504) ndmero irracional Un nimero 
que no puede escribirse como el cociente de dos nimeros 
enteros. 


leading coefficient (pp. 505,576) coeficiente inicial El 
coeficiente del primer término de un polinomio escrito en 
forma general. 


least common denominator, LCD (p.677) minimo 
comun denominador, m.c.d. El minimo comin miiltiplo 
de los denominadores de dos 0 mas fracciones. 


legs of a right triangle (p.738) catetos de un triangulo 
rectangulo Los dos lados de un tridéngulo recténgulo que no 
estan opuestos al angulo recto. 


like terms (p. 102) términos semejantes Términos que 
tienen la misma variable elevada a la misma potencia. 


line graph (p. 42) grafica lineal Una grdfica que usa 
segmentos de recta para conectar puntos de datos. Sobre todo 
es Util para mostrar cambios en los datos a través del tiempo. 


linear combination (p.411) combinacion lineal Una 
ecuaciOn que se obtiene al sumar una de dos ecuaciones (0 
un mUltiplo de una de dos ecuaciones) a la otra ecuacién de 
un sistema lineal. 


linear equation in one variable (p. 133) ecuacién lineal 
de una variable Una ecuacion en la que la variable se eleva 
a la primera potencia y que no se encuentra en un 
denominador, ni dentro del signo de raiz cuadrada, ni dentro 
de un simbolo de valor absoluto. 


linear extrapolation (p.318) extrapolacion lineal Un 
método de estimar las coordenadas de un punto que esta 
situado a la derecha 0 a la izquierda de todos los puntos de los 
datos mostrados. 


linear inequality in x and y (p.360) desigualdad lineal 
con x ey Una desigualdad que puede escribirse como sigue: 
ax + by<c ax + by=c 
ax + by>c ax + by=c 


linear interpolation (p.318) interpolacién lineal Un 
método de estimar las coordenadas de un punto que esta 
situado entre dos puntos de los datos dados. 


linear model (p.274) modelo lineal Una funcién lineal que 
se usa para representar una situaci6n de la vida real. En el 
modelo lineal y = mx + b, mes la razon de cambio y b es la 
cantidad inicial. 


mathematical model (p.33) modelo matematico Una 
expresi6n, ecuaci6n o desigualdad que representa una 
situacion de la vida real. 


matrix (p.86) matriz Un arreglo rectangular de ntimeros en 
filas horizontales y columnas verticales. 


rolnnengs. 


3 1 0 8 
fila——>] —1 2 + =) 
5 a | 3 6 


mean or average (p. 369) media o promedio La suma de 
n numeros dividida por n. 


means of a proportion (p. 643) medios de una proporcién 


En la proporcion 7 = a by cson los medios. 


measure of central tendency (p.369) medida de 
tendencia central Un ntmero que se usa para representar 
un numero tipico de un conjunto de datos. Ver también mean / 
media, median / mediana y mode / moda. 
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median (p.369) mediana El ntimero en el medio de un 
conjunto de n nimeros cuando los ntimeros se escriben en 
orden numérico. Si n es par, es el promedio de los dos 
numeros en el medio del grupo. 


midpoint between two points (p. 747) punto medio entre 
dos puntos El punto medio del segmento de recta que los 
conecta. 


. 
. 
. 
° 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
2, 

° 
. 


midpoint formula (p.747) formula del punto medio El 
%+%2 Yt Ye 

2 2 ) 
mode (p.369) moda El numero que ocurre con mas 
frecuencia en un conjunto de n nimeros. Un conjunto de 
datos puede tener mas de una moda o ninguna. 


punto medio entre (x1, y,) y (%, y2) es ( 


modeling (p.33) hacer un modelo, representar Escribir 
expresiones algebraicas o desigualdades que representan 
situaciones de la vida real. 


monomial (p.576) monomio Un polinomio con un solo 
término. 


negative numbers (p.63) nimeros negativos Cualquiera 
de los nimeros menos de cero. Ver también real number line / 
recta numérica real. 


negative square root (p.503) raiz cuadrada negativa Una 
de las dos raices cuadradas de un nimero positivo real. 


odds (p.116) probabilidad de ocurrencia La razon entre el 
numero de maneras de que puede ocurrir un suceso y el 
numero de maneras de que no puede ocurrir. 


open sentence (p.24) expresion con variables Una 
ecuaciOn que contiene una o mas variables. 


opposites (p.65) opuestos Dos puntos de una recta 
numérica que estan a la misma distancia del origen pero 
situados en lados opuestos. 


order of operations (p.16) orden de las operaciones Las 
reglas establecidas para evaluar una expresiOn cuando hay que 
realizar mas de una operacion. 


ordered pair (p. 203) par ordenado Un par de ntimeros 
que se usan para identificar un punto de un plano. Ver también 
coordinate plane / plano de coordenadas. 


origin of a coordinate plane (p. 203) origen de un plano 
de coordenadas E] punto (0, 0) de un plano de coordenadas 
donde el eje horizontal corta el eje vertical. Ver también 
coordinate plane / plano de coordenadas. 


origin of a number line (p. 63) origen de una recta 
numérica El punto marcado cero de una recta numérica. 


outcomes (p.114) casos Los posibles resultados de un 
experimento de probabilidad. 


output (p.46) salida Ver function/funci6n. 
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parabola (p.518) parabola La grafica con forma de U de 
una funcion cuadratica. 


—12|-8 | A 
intercepto en x 


in 


tercepto enx 
y= 4x2 — 8 


{1 _4 


+ 


parallel lines (p. 242) 
rectas paralelas 
Dos rectas diferentes 
del mismo plano que 
no se cortan. 


percent of decrease (p. 484) porcentaje de disminucién La 
expresi6n 100r es el porcentaje de disminuci6on donde r es la 
tasa de decrecimiento del modelo de decrecimiento exponencial. 


percent of increase (p.477) porcentaje de aumento La 
expresi6n 100r es el porcentaje de aumento donde r es la tasa 
de crecimiento del modelo de crecimiento exponencial. 


perfect square (p.504) cuadrado perfecto Un nimero 
cuyas rafces cuadradas son ntimeros enteros 0 cocientes de 
numeros enteros. 


perpendicular lines (p.246) rectas perpendiculares Dos 
rectas no verticales de un plano situadas de tal manera que la 
pendiente de una es el reciproco negativo de la otra. 


Una recta vertical y una recta horizontal situadas en el mismo 
plano también son perpendiculares. 


plotting a point (pp. 63,203) marcar 
un punto Dibujar el punto en una 
recta numérica que corresponde a un 
numero. Dibujar el punto en un plano 
de coordenadas que corresponde a un 
par ordenado de ntimeros. 


point-slope form (p.300) ecuacién punto-pendiente La 
ecuaci6n de una recta no vertical y — y, = m(x — x,) que 
pasa por el punto dado (x), y,) con una pendiente de m. 


polynomial (p.576) polinomio Una expresién que es la 
suma de los términos de la forma ax* donde k es un nimero 
entero no negativo. 


positive numbers (p.63) ntiimeros positivos Cualquiera de 
los nimeros mayores que cero. Ver también real number line / 
recta numérica real. 


positive square root, or principal square root (p. 503) 
raiz cuadrada positiva o principal Una de dos rafces 
cuadradas de un nimero real positivo. 


postulates (p.758) postulados Las propiedades basicas de 
las matematicas que los matematicos aceptan sin pruebas. 


power (p.9) potencia El resultado de la multiplicacién 
repetida. Por ejemplo, en la expresion 47 = 16, 16 es la 
segunda potencia de 4. 


prime factor (p.625) factor primo Un factor que no es el 
producto de polinomios con coeficientes que son enteros. 


probability of an event (p.114) probabilidad de un 
suceso Una medida de las probabilidades de que el suceso 
ocurra al azar. Es un numero entre 0 y 1, inclusive. 


properties of equality (p.139) propiedades de igualdad 
Reglas de algebra usadas para transformar ecuaciones en 
ecuaciones equivalentes. 


proportion (p.643) proporci6n Una ecuacién que 


: : : a_c 
enuncia que dos razones son iguales. Por ejemplo, a 


donde a, b, c y dson numeros reales distintos a cero. 
Pythagorean theorem (p. 738) teorema de Pitagoras Si 
un tridngulo es rectangulo, entonces la suma de los cuadrados 
de las longitudes de los catetos a y b es igual al cuadrado de 
la longitud de la hipotenusa c. 
247222 
a+b’ =c cateto 
a © hipotenusa 


b cateto 
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quadrant (p.203) cuadrante Una de las cuatro partes en las 
que los ejes dividen un plano de coordenadas. Ver también 
coordinate plane / plano de coordenadas. 


quadratic equation in standard form (p.505) ecuacién 
cuadratica en forma general Una ecuacion escrita en la 
forma ax? + bx + c = 0, donde a # 0. 


quadratic formula (p.533) formula cuadratica La 
formula que se usa para hallar las soluciones de la ecuacién 
cuadratica ax* + bx + c = 0, donde a # Oy b? — 4ac = 0. 
—b + Vb? = 4ac 

o 2a 
quadratic function in standard form (p.518) funcion 
cuadratica en forma general Una funcién escrita en la 
forma y = ax? + bx + c, donde a # 0. 


quadratic inequality (p.548) desigualdad cuadratica 
Una desigualdad que puede escribirse asi: 


y<art+bxt+e ysar+bxt+e 
y>oar+bxt+e yzar+bxt+e 


quadratic model (p.554) modelo cuadratico Una 
funciOn que se usa para representar un conjunto de datos 
oO una situacién de la vida real. 


Modelo cuadratico: y = ax’ + bx tc 


quartiles (p.375) cuartiles Tres ntimeros que separan un 
conjunto de datos en cuatro partes. 


¢ El primer cuartil es la mediana de la mitad inferior de los 
datos. 

* El segundo cuartil (o mediana) separa los datos en dos 
mitades: los nimeros por debajo de la mediana y los 
numeros por encima de la mediana. 

¢ El tercero es la mediana de la mitad superior de los datos. 


radicand (p.503) radicando El ntimero o expresion dentro 
del simbolo radical. 


range of a function (p. 47) rango de una funcién El 
conjunto de todos los valores de salida. 

rate of a per b (p.180) relacién dea por b La relacion f 
entre dos cantidades a y b que se miden con unidades distintas. 
rate of change (p.229) raz6n de cambio Una comparacién 


de dos cantidades diferentes que estan cambiando. La pendiente 
sirve de modelo importante para visualizar la razon de cambio. 


ratio of a to b (p.140) razon dea ab Larelacién x entre 


dos cantidades a y b que se miden con las mismas unidades. 


rational equation (p. 690) ecuacion racional Una ecuacién 
que contiene expresiones racionales. 


rational expression (p. 664) expresion racional Una 
fracci6n cuyo numerador, denominador 0 ambos son 
polinomios distintos a cero. 


rational function (p. 692) funci6n racional Una funcién 


olinomio 
de la forma f(x) = PQWONNO | 
polinomio 
rational number (p.664) nimero racional Un ntimero que 
puede escribirse como el cociente de dos ntimeros enteros. 


real number line (p. 63) recta numérica real Una recta 
que representa numeros reales como puntos. 


~_ Nameros negativos Numeros positivos 


a a a a a a a oe 
4 3 2 1 0 1 2 3 4 


real numbers (p.63) ntimeros reales El conjunto de 
ntimeros que consiste en los nimeros positivos, los nimeros 
negativos y cero. Ver también real number line / recta 
numérica real. 


reciprocal (p. 103) reciproco Si e es un numero distinto a 


y b y 
cero, entonces su reciproco es 7. El producto de un nimero y 
su reciproco es 1. 


relation (p.256) relaci6n Cualquier conjunto de pares 
ordenados (x, y). 
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roots of a quadratic equation (p.526) raices de una 
ecuacion cuadratica Las soluciones de ax” + bx + c = 0. 


round-off error (p. 166) error de redondeo El error que se 
produce cuando se redondea un resultado decimal para llegar 
a una respuesta significante. 


scalar multiplication (p.97) multiplicacién escalar La 
multiplicacién de una matriz por un numero real. 


scatter plot (p.204) diagrama de dispersion Una grafica 
de pares de nimeros que representan situaciones de la vida 
real. Es una manera de analizar la relacién entre dos 
cantidades. 


scientific notation (p. 470) notacién cientifica Un nimero 
expresado en la forma c X 10”, donde 1 =c < 10 ynes un 
numero entero. 


similar triangles (p. 140) tridangulos semejantes Dos 
triangulos son semejantes si tienen 4ngulos correspondientes 
iguales. Puede mostrarse también que son semejantes si son 
iguales las razones de las longitudes de los lados 
correspondientes. 


Los lados AB y DE r 


se corresponden. 


Los lados AC y DF 


A C OD F se corresponden 


simplest form of a radical expression (p.512) forma mas 
simple de una expresi6n radical Una expresién que no 
tiene factores cuadrados perfectos distintos de | en el 
radicando, ninguna fraccion en el radicando y ningtin radical 
en el denominador de una fracci6n. 


simplified expression (p. 102) expresién simplificada Una 
expresion esta simplificada si no tiene signos de agrupacion y 
si todos los términos semejantes se han combinado. 


simplified rational expression (p. 664) expresién racional 
simplificada Una expresién racional esta simplificada si el 
numerador y denominador no tienen factores en comtin 
(distinos de +1). 


sine (p.752) seno Ver trigonometric ratio / razon 
trigonométrica. 


slope (p.226) pendiente El nimero de unidades que sube 
o baja una recta no vertical por cada unidad de cambio 
horizontal de izquierda a derecha. La pendiente de m es 
2 2 
Xy — Xy 


(xo, yo) 
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slope-intercept form (pp. 241,273) ecuacién de pendiente- 
intercepto Una ecuacion lineal escrita en forma de 

y = mx + b. La pendiente de la recta es m. El intercepto 

en y es b. Ver también slope / pendiente y 

y-intercept / intercepto en y. 


y=2x+3 
La pendiente es 2. 
E] intercepto en y es 3. 


solution of an equation (p.24) solucién de una ecuacion 
Un nimero que cuando se sustituye por la variable de una 
ecuacion produce un enunciado verdadero. 


solution of an inequality (p.26) solucién de una 
desigualdad Un nimero que cuando se sustituye por la 
variable de una desigualdad produce un enunciado verdadero. 


solution of a linear equation (p.210) solucién de una 
ecuacion lineal Un par ordenado (x, y) es una soluci6n de 
una ecuacion lineal si la ecuaci6n es verdadera cuando se 
sustituyen los valores de x e y en la ecuacion. 


solution of a linear inequality (p.360) solucién de una 
desigualdad lineal Un par ordenado (x, y) es una solucién 
de una desigualdad lineal si la desigualdad es verdadera 
cuando se sustityen los valores de x e y en la desigualdad. 


solution step (p. 133) paso de una solucion El resultado de 
aplicar una transformacién a una ecuacion al resolverla. 


solution of a system of linear equations in two variables 
(p.398) solucién de un sistema de ecuaciones lineales de 
dos variables Un par ordenado (x, y) que satisface cada 
ecuacion del sistema. 


solution of a system of linear inequalities (p. 432) 
solucién de un sistema de desigualdades lineales Un par 
ordenado (x, y) que es una solucién de todas las desigualdades 
del sistema. 


solving an equation (p.25) resolver una ecuacién Hallar 
todas las soluciones de una ecuacion. 


solving a right triangle (p.753) resolver un triangulo 
rectangulo Hallar las longitudes de los otros dos lados de un 
triangulo rectangulo, dadas la medida de uno de los angulos 
agudos y la longitud de un lado del triangulo. 


square root (p.503) raiz cuadrada Si b? = a, entonces b es 
una raiz cuadrada de a. Las raices cuadradas se escriben con 
un signo de radical Va 


square root function (p.709) funcién con raices 
cuadradas La funci6n definida por y = Vx. 


standard form of an equation of a line (p. 308) forma 
general de la ecuaci6n de una recta Una ecuacién lineal 
de la forma Ax + By = C donde A, B y C son ntimeros reales 
y Ay Bno son ambos cero. 


standard form of a polynomial (p.576) forma general de 
un polinomio Un polinomio cuyos términos se sittian en 
orden descendiente, de grado mayor a grado menor. 


stem-and-leaf plot (p.368) tabla arborescente Un arreglo 
de digitos que se usa para mostrar y ordenar datos numéricos. 


system of linear equations (p.398) sistema de ecuaciones 
lineales Dos o mas ecuaciones lineales con las mismas 
variables. También se llama sistema lineal. 


system of linear inequalities (p. 432) sistema de 
desigualdades lineales Dos 0 mas desigualdades lineales 
con las mismas variables. También se llama sistema de 
desigualdades. 


RD osecesadsveasusiesuaravacsieeaastecasvainxeonedn 


tangent (p. 752) tangente Ver trigonometric ratio / razon 
trigonométrica. 


terms of an expression (p. 80) términos de una 
expresion Las partes de una expresién que se suman. Por 
ejemplo, en la expresi6n 5 — x, los términos son 5 y —x. 


theorem (pp. 738,759) teorema Un enunciado que puede 
probarse verdadero. 


theoretical probability (p.114) probabilidad teérica Un 
tipo de probabilidad que se basa en el nimero de casos 
favorables dividido por el nimero total de casos. 


time period (p.477) periodo de tiempo La variable t en los 
modelos de crecimiento y decrecimiento exponencial. Ver 
también exponential growth / crecimiento exponencial y 
exponential decay / decrecimiento exponencial. 


transform an equation (p. 132) transformar una 
ecuaci6n Cambiar una ecuaci6n en una ecuacién 
equivalente. 


trigonometric ratio (p. 752) razon trigonométrica La 
raz6n de las longitudes de dos lados de un triangulo 
rectangulo. Por ejemplo: 


B 
oe lado opuesto aZA hipotenusa late 
hipotenusa a opuesto a 
_ lado adyacente a ZA ZA 
cos A F 
hipotenusa A b C 
tan A = ado opuesto a ZA lado adyacentea ZA 


lado adyacente a ZA 


trinomial (p.576) trinomio Un polinomio con tres términos. 


ee ee ene 


unit analysis (p.5) analisis dimensional Escribir las 
unidades de cada variable en un problema de la vida real para 
ayudar a determinar las unidades de la respuesta. 


unit rate (p.180) relacién unitaria Una relacién por una 
unidad dada. 


crave wiricreenss tans veareuxiehibeeehnsmmczonmnaraeari 


values (p.3) valores Los nimeros representados por 
variables. 


variable (p.3) variable Una letra que se usa para 
representar uno o mas numeros. 


variable expression (p.3) expresién algebraica Un 
conjunto de nimeros, variables y operaciones. 


velocity (p.66) velocidad La rapidez y direcci6n con las que 
se mueve un objeto (hacia arriba es positiva y hacia abajo es 
negativa.) La rapidez de un objeto es el valor absoluto de su 
velocidad. 


verbal model (p.5) modelo verbal Una expresi6n en la 
que se usan palabras para representar una situacion de la vida 
real. 


vertex of a parabola (p. 518) vértice de una parabola El 
punto mas bajo de una parabola que abre hacia arriba o el 
punto mas alto de una parabola que se abre hacia abajo. Ver 
también parabola / parabola. 


vertical motion models (p.535) modelos del movimiento 
vertical Un modelo para representar la altura de un objeto en 
movimiento que se ha dejado caer y para representar un 
objeto lanzado hacia abajo o hacia arrriba. 


x-axis (p.203) eje de x El eje horizontal en un plano de 
coordenadas. Ver también plano de coordenadas / coordinate 
plane. 


x-coordinate (p. 203) coordenada x El primer ntimero en 
un par ordenado. Ver también ordered pair / par ordenado y 
plotting a point / marcar un punto. 


x-intercept (p.218) intercepto en x La coordenada x de un 
punto donde una grafica cruza el eje de x. 


y-axis (p.203) eje de y El eje vertical en un plano de 
coordenadas. Ver también plano de coordenadas / coordinate 
plane. 


y-coordinate (p.203) coordenada y El segundo ntimero de 
un par ordenado. Ver también ordered pair / par ordenado y 
plotting a point / marcar un punto. 


y-intercept (p.218) intercepto en y La coordenada y de un 
punto donde una grafica cruza el eje de y. 


zero-product property (p.597) propiedad del producto 
nulo Siayb son ntmeros reales y ab = 0, entonces a = 0 
ob=0. 
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Absolute value, 65—70, 122 


equations, 353-359, 385, 559 
inequalities, 354-358, 385 


Addition 


axioms of, 758 

of fractions, 781—783 

of integers, 71-77, 122 

inverse of, 132 

of linear equations, 132—137, 190 

of polynomials, 575-583, 634 

properties of, 73, 139, 758 

of radicals, 716-721 

of rational expressions, 676-682, 
702 

of real numbers, 71—77, 122 

using matrices, 87-92, 123 


Algebra tiles 


71, 78, 99, 131, 153, 575, 603, 610, 
683, 729 


Algorithm 


17, 33, 34, 39, 53, 62, 65, 73, 204, 
211, 226, 228, 250, 280, 286, 
292, 360, 399, 405, 411, 519, 
526, 527, 541, 548, 549, 575, 
618, 631, 685, 730, 795 


Analytical reasoning, 620 
Appendices 


Estimation and Reasonableness, 
839-842 

Probability of Compound Events, 
833-838 

Sampling and Surveys, 
827-832 


Applications 


advertising, 51 

amusement park rides, 246, 546, 
707, 726 

animals, 95, 96, 116, 118, 125, 
129, 143, 162, 164, 165, 171, 
172, 207, 220, 236, 322, 350, 
478, 479, 481, 522, 537, 555, 
651, 711, 735, 756 

archaeology, 271, 287, 306, 428, 
645 

architecture, 338, 608, 641, 744 

astronomy, 68, 238, 261, 467, 473, 
474, 495, 573, 601 

automobiles, 49, 207, 485, 486, 
488, 489, 491, 652, 653, 662 


Student Resources 


aviation, 29, 34, 61, 235, 724, 725 

baseball, 8, 136, 144, 372, 467, 
475, 501, 547, 691, 695 

basketball, 37, 112, 185, 345, 357, 
363, 381, 458, 459, 489, 521, 
545, 559, 617, 623 

bicycling, 37, 237, 276, 339, 447, 
480, 658 

biology, 38, 207, 238, 293, 297, 
478, 481, 720 

business, 30, 44, 52, 74, 76, 85, 88, 
125, 150, 151, 216, 223, 232, 
247, 254, 255, 262, 316, 317, 
318, 327, 342, 343, 350, 355, 
356, 365, 370, 418, 436, 467, 
481, 488, 495, 497, 499, 509, 
516, 588, 602, 674, 680, 703 

chemistry, 423, 474, 497 

computers and software, 136, 158, 
212, 400, 509, 546, 579, 602, 
TAT 

construction, 581, 586, 596 

consumer economics, 18, 20, 25, 
28, 33, 37, 83, 101, 104, 105, 
135, 142, 156, 158, 168, 169, 
178, 184, 205, 206, 245, 247, 
275, 277, 283, 291, 310, 311, 
312, 314, 320, 321, 344, 345, 
357, 364, 376, 387, 391, 402, 
403, 417, 421, 422, 430, 443, 
455, 482, 484, 496, 510, 531, 
552, 553, 652, 654, 705, 728 

cooking, 112, 143, 223, 602 

design, 13, 29, 160, 163, 164, 278, 
313, 606, 637, 641, 647, 742 

earth science, 118, 243, 267, 509, 
515, 668 

employment, 44, 51, 90, 148, 149, 
150, 192, 193, 239, 252, 255, 
283, 321, 327, 344, 355, 365, 
372, 378, 379, 389, 420, 437, 
570, 655, 660, 718, 724, 756 

engineering, 403, 454, 506, 507, 
522, 550, 552, 608 

entertainment, 21, 42, 50, 52, 149, 
179, 246, 343, 352, 357, 434, 
441, 445, 490, 588, 615, 668, 
682, 703 

farming, 105, 149, 181, 379, 452 


finance, 4, 6, 22, 81, 83, 97, 98, 
104, 111, 125, 172, 184, 192, 
193, 208, 244, 282, 366, 409, 
438, 460, 465, 469, 477, 479, 
480, 482, 491, 497, 498, 545, 
569, 594, 616 

fine arts, 222, 350, 409, 423, 430, 
647 

firefighting, 150, 545 

fitness, 209, 216, 402, 423, 474, 
496, 558, 688 

fundraising, 37, 157, 220, 221, 
222, 277, 695 

geography, 7, 68, 76, 83, 283, 346, 
460, 472, 474, 668, 749, 762 

geometry, 4, 6, 11, 14, 105, 159, 
178, 231, 239, 246, 344, 454, 
472, 559, 569, 578, 595, 630, 
632, 639, 660, 666, 667, 668, 
669, 703, 704, 751-757, 763 

government, 37, 86, 87, 89, 243, 
545 

history, 39, 79, 306, 352, 407, 410, 
417, 455, 460, 472, 474, 489, 
547, 596, 743, 744, 769 

horticulture, 38, 43, 50, 143, 178, 
422, 523, 742 

law enforcement, 37 

measurement, 36, 178, 179, 184, 
267, 552, 558, 632, 660, 714 

mechanics, 419, 621, 623 

medicine, 147, 238, 489, 499, 515, 
713 

movies, 42, 50, 140, 232, 320, 337, 
344 

music, 207, 208, 238, 261, 305, 
331, 338, 602 

natural resources, 44, 136, 182, 
319, 522, 581 

nutrition, 40, 41, 344, 365 

Olympic events, 43, 136, 222, 294, 
295, 296, 468 

origami, 695 

paleontologist, 756 

photography, 144, 208, 578 

recreation, 5, 6, 7, 83, 151, 185, 
304, 387, 489, 538, 749 

scale models, 641, 645, 647 


science, 74, 76, 84, 112, 147, 171, 
179, 246, 261, 290, 338, 357, 
358, 373, 413, 415, 422, 454, 
491, 495, 506, 507, 508, 556, 
565, 601, 621, 630, 651, 654, 
660, 668, 689, 711, 712, 713, 
720, 727, 728, 756 

social studies, 43, 170, 182, 186, 
232, 254, 260, 274, 277, 283, 
322, 341, 343, 368, 369, 372, 
381, 402, 468, 474, 499, 530, 
559, 581, 582, 655, 662, 669 

space, 66, 112, 175, 184, 232, 238, 
467, 473, 474, 495 

sports, 1, 7, 20, 48, 69, 112, 158, 
178, 185, 261, 278, 297, 304, 
338, 342, 345, 357, 363, 364, 
381, 409, 431, 458, 459, 467, 
489, 513, 514, 520, 521, 523, 
528, 530, 545, 558, 559, 588, 
613, 615, 617, 623, 637, 718, 
719, 735, 742, 746, 754, 755 

surveying, 231, 742 

technology, 28, 379, 387, 424, 430, 
434 

track and field, 209, 216, 222, 334, 
338, 409, 424, 520, 528, 530, 
623, 720 

transportation, 102, 104, 169, 201, 
205, 231, 489, 530, 674 

travel, 4, 7, 20, 22, 28, 34, 97, 141, 
163, 184, 254, 259, 262, 277, 
281, 304, 358, 373, 374, 415, 
423, 660, 674, 678, 680, 681, 
682, 750, 756 

weather, 43, 50, 64, 69, 75, 134, 
143, 152, 204, 243, 245, 352, 
377, 391 

Approximation, See Estimation; 
Prediction 

Area, 11, 21, 29, 174, 177, 790-791 

Area model, 100 

Assessment, See also Projects; 
Reviews 

Chapter Standardized Test, 58-59, 
126-127, 194-195, 268-269, 
328-329, 388-389, 444-445, 
498-499, 566-567, 638-639, 
704-705, 770-771 

Chapter Test, 57, 125, 193, 267, 
327, 387, 443, 497, 565, 637, 
703, 769 

Quiz, 22, 39, 52, 85, 107, 120, 152, 
172, 186, 224, 247, 262, 291, 


306, 322, 352, 366, 381, 417, 
438, 469, 491, 524, 547, 560, 
596, 617, 632, 662, 682, 697, 
728, 744, 764 
Skill Review, 2, 62, 130, 202, 272, 
332, 396, 448, 502, 574, 642, 
708 
Associative property 
of addition, 73, 758 
as an axiom of algebra, 758 
of multiplication, 94, 758 
Asymptote, 692 
Average, See Mean 
Axioms of algebra, 758 
Axis (Axes), 203 
Axis of symmetry, of a parabola, 
518 


Bar graph, 41, 43-45, 56, 792 

Base, of exponential expression, 9 

Bell-shaped distribution, 370 

Best-fitting curve, 525 

Best-fitting line, 292-299, 325 

Binomial, 576, 590-596, See also 
Polynomial 

Box-and-whisker plot, 375-382, 386 


Calculator, See also Computer; 
Graphing calculator; 
Internet Connections; 
Technology Activities 

exercises, 51, 83, 97, 170, 183, 
215, 254, 261, 284, 454, 460, 
473, 508, 516, 522, 523, 558, 
582, 680 

operations with negative numbers, 
74, 81, 95 

order of operations, 18, 19, 20 

powers, 11, 13, 457 

radical expressions, 504, 513, 709 

scientific notation, 471 

trigonometric ratios, 753 

Careers, See list on page xix 

Challenge exercises, 8, 14, 21, 30, 
38, 45, 51, 70, 77, 84, 91, 98, 
106, 113, 119, 137, 144, 151, 
159, 165, 171, 179, 185, 208, 
217, 223, 233, 239, 246, 255, 
261, 278, 284, 290, 298, 305, 
314, 321, 339, 345, 351, 358, 
365, 374, 380, 403, 410, 416, 
424, 431, 437, 455, 461, 468, 


475, 482, 490, 510, 516, 523, 
531, 538, 546, 553, 559, 582, 
589, 595, 602, 609, 616, 624, 
631, 648, 655, 661, 669, 675, 
681, 689, 696, 714, 721, 727, 
736, 743, 750, 757, 763 
Chapter Review, Sce Reviews 
Checking solutions 
by graphing, 162, 242, 250, 279, 
280, 285, 302, 342, 360-362, 
406, 409, 526, 534, 583, 595, 
605, 608, 620, 628, 731, 747 
using inverse operations, 604, 683 
using substitution, 24—30, 166, 
167, 210, 224, 251, 353, 
360-362, 398, 406, 419, 527, 
555, 556, 613, 643, 644, 717, 
722-723 
using a table, 156, 161 
using unit analysis, 5, 97 
Choosing a method, 168, 170, 
418-424, 441, 477, 506, 584, 
651, 788-789 
for solving equations, 146, 149, 
255, 615, 694, 732-733 
Choosing a model, 217, 476, 480, 
481, 488, 506, 554-560, 564, 
682 
selecting a data display, 45, 165, 
217, 393, 792-794 
Circle graph, 651, 652, 793 
Closure, 113, 758 
Coefficient of a variable, 102 
Common factor, 777-778 
Communication, See also Critical 
Thinking; Logical Reasoning 
discussion, 1, 23, 31, 61, 71, 93, 
99, 115, 129, 131, 153, 168, 
198-199, 201, 209, 225, 240, 
271, 292, 301, 307, 308, 315, 
331, 333, 392-393, 395, 397, 
425, 447, 449, 470, 476, 483, 
501, 511, 517, 540, 571, 573, 
641, 683, 707, 729, 732, 737, 
751 
presenting, 199, 393, 571, 775 
writing, 14, 19, 20, 21, 30, 45, 50, 
70, 84, 90, 99, 106, 113, 119, 
137, 149, 157, 171, 178, 183, 
195, 208, 223, 232, 245, 254, 
260, 276, 284, 307, 321, 329, 
365, 373, 377, 389, 397, 410, 
416, 445, 454, 461, 468, 474, 
499, 508, 538, 546, 567, 602, 
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630, 648, 668, 674, 689, 696, 
714, 742, 743, 757 
Commutative properties, 73, 94, 
758 
Comparing 
direct and inverse variation, 657 
fractions, 779-780 
growth and decay models, 487 
linear, exponential, and quadratic 
models, 528, 554-560, 564 
real numbers, 64, 122, 779-780 
Completing the square, 729-736, 
767 
Compound inequality, 346-352, 385 
Computer, 173, 209, 215, 248-249, 
359, 382, 430, 539, 583, 663, 
680, 698, 715 
Conclusion, hypothesis and, 
187-188, 739, 741-742 
Conjecture, 71, 78, 225, 240, 307, 
393, 476, 729, 759 
Conjugate(s), 717 
Connections, See also Applications; 
Math and History; 
Multicultural connections 
art, 13 
biology, 164, 207, 297, 481, 689 
geometry, 4, 6, 8, 14, 21, 22, 47, 
105, 136, 141, 143, 149, 231, 
237, 239, 245, 246, 283, 286, 
289, 344, 351, 428, 436, 438, 
454, 497, 515, 558, 588, 592, 
608, 653, 680, 688, 713, 720, 
726, 735, 749, 750, 762 
history, 410, 474 
probability, 170, 305, 424, 452, 
454, 465, 468 
science, 74, 76, 84, 147, 171, 238, 
261, 290, 338, 350, 358, 422, 
423, 489, 510, 558, 592, 594, 
651, 689, 721 
Constant terms, 102 
Constant of variation, 234, 656 
Converse 
of Pythagorean theorem, 739, 740 
of a statement, 739 
Cooperative Learning, See Group 
Activities; Projects 
Coordinate graphs, 203-209 
Coordinate plane, 203 
Correlation, 295 
Cosine, 752-757 
Counterexample, 66-68, 187, 760 
proof and, 760-762 


Student Resources 


Counting methods, 788-789 

Counting Principle, 788—789 

Critical thinking, 13, 21, 49, 76, 91, 
106, 127, 143, 150, 151, 158, 
165, 170, 185, 207, 208, 215, 
217, 223, 230, 245, 290, 297, 
298, 372, 380, 425, 430, 437, 
449, 455, 460, 462, 468, 475, 
476, 489, 508, 510, 515, 523, 
538, 540, 546, 630, 654, 655, 
661, 668, 669, 688, 696, 698, 
714, 726 

Cross multiplying, 690 

Cross product property, 643-644 

Cross-curriculum connections, See 
Connections 

Cubic equations, 224, 598, 631 

Cumulative Practice, See Reviews 


Data, See also Graphs 
analyzing, 277, 298, 829-832 
choosing a data display, 45, 165, 
393, 792-794 
choosing a model, 554—560, 564, 
682 
fitting a model to, 292—299, 310, 
315, 325, 525, 570-571 
gathering, 207, 238, 392, 647, 714, 
827-832 
interpreting, 170, 180-186, 207, 
295, 392, 829-832 
organizing 
in a matrix, 86-91 
using a bar graph, 41, 43-45, 
792 
using a box-and-whisker plot, 
375-382, 386 
using a histogram, 792, 829 
using a line graph, 42—45, 793 
using a scatter plot, 203-209, 
292-299 
using a stem-and-leaf plot, 
368-373, 386 
using a table, 40-44, 156, 
792-794 
using a linear system to model, 
418-424, 441 
Decay factor, 484 
Decay function, exponential, 
483-491, 496 
Decay rate, 484 


Decimal(s) 
equations, 166-172, 192 
fraction and percent form, 784-785 
scientific notation and, 470-475, 
495 
Decision making, See Choosing a 
method; Choosing a model; 
Critical Thinking 
Deductive reasoning, 187-188, See 
also Logical reasoning 
Degree of a polynomial, 576 
Difference of two squares pattern, 
619, 636 
Direct variation, 234—239, 265, 
656-662, 701 
Discrete mathematics, See also 
Algorithm; Logical 
reasoning 
counting methods, 788-789 
greatest common factor (GCF), 
7771-7718 
inductive reasoning, 187—188 
linear programming, 437 
matrices, 86-92, 123 
programming, 539, 618 
sequences, 187, 315 
tree diagram, 777, 788-789 
Discriminant, 540-546, 564, 605, 
618 
Distance formula, 745—750, 768 
Distributive property, 99-107, 109, 
124, 146, 758 
factoring and, 625-631, 636 
Division 
of fractions, 782—783 
by a negative number, 340 
polynomial, 683-689, 702 
properties of exponents, 463-469, 
495 
property of equality, 139 
of rational expressions, 670-675, 
701 
of real numbers, 108-113, 124 
with scientific notation, 472 
to solve inequalities, 336-338 
by zero, 108, 109 
Domain, 47, 110, 261 
Double stem-and-leaf plot, 373 


850-857 
Enrichment, See Challenge 
exercises; Extension exercises 


Equality, axioms of, 758 
Equations, See also Formulas; 


Functions; Linear equations; 
Linear inequalities; 
Polynomials; Quadratic 
equation 

absolute value, 68, 70, 353-359, 
385, 559 

addition and subtraction, 132-137, 
190 

checking solutions, 24—25, 55, 133, 
210, 214, 250 

cubic, 224, 598, 631 

decimal, 166-172, 192 

definition, 24 

direct variation, 234—239, 265 

equivalent, 132, 138 

factored cubic, 598 

of functions, 48—52 

graphing, 210-249, 264—266 

of horizontal and vertical lines, 213 

modeling, 131, 153 

multi-step, 145-152, 190 

multiplication and division, 
138-144 

polynomial, 575-639 

properties of equality and, 139 

quadratic, 503-569, 730-736 

radical, 722-728, 767 

rational, 690-698, 702 

slope-intercept form, 240-249, 266 

solution of, 210 

systems of, 396-431 

using a graphing calculator to 
solve, 173, 248-249, 251, 254 

using graphs to solve, 250-255, 
266 

using mental math to solve, 25 

with variables on both sides, 
153-159, 191, 251 

verbal phrases for, 33-38 


Equivalent equations, 132, 138 
Error analysis, 7, 19, 27, 96, 99, 103, 


149, 158, 230, 312, 337, 343, 
414, 429, 459, 467, 514, 579, 
610, 614, 622, 629, 654, 667, 
673, 679, 726 


Estimation, See also Prediction 


of a best-fitting curve, 525 

of a best-fitting line, 292—299 

of square root, 504, 842 

using an algebraic model, 573 

using an exponential function, 458, 
468 


using a formula, 5, 175, 839, 842 
using linear extrapolation, 318 
using linear interpolation, 318 
using a linear model, 180, 
251-252, 287, 292-299, 
318-322, 326 
using percent, 651 
using a proportion, 181, 645, 647, 
651 
using a quadratic model, 506, 520, 
522, 523, 525, 530, 531, 532 
using scientific notation, 474, 842 
using to check reasonableness, 839, 
841 
Event, See Probability 
Experimental probability, 115 
Exponential decay, 483-491, 496 
Exponential function, 458, 462, 
476-492, 496 
Exponential growth, 476-482, 487, 
496 
Exponent(s), 9-15, 54 
decay functions and, 483-491, 496 
fractional, 516 
growth functions and, 476-482, 
487, 496 
properties of, 450-455, 463-469, 
494, 495 
scientific notation and, 470-475, 
495 
zero and negative, 456-461, 494 
Expressions 
equivalent, 99 
evaluating with calculators, 15, 18 
exponential, 9-15, 450-496 
factoring, 603-617, 635, 636 
quadratic, 603-617, 635, 636 
radical, 504, 511-516, 562, 
716-721, 766 
rational, 664-669, 670-675, 
676-682, 701, 702 
simplify, 100-107, 108-113 
terms of, 80 
undefined, 665 
variables and, 3—8 
verbal phrases for, 32—38 
Extension exercises, 97, 113, 
187-188, 199, 373, 437, 482, 
516, 559, 571, 616, 631, 681, 
757, 775 
Extra Practice, 797-808 
Extraneous solutions, 644, 723 
Extrapolation, linear, 318—322 
Extremes of a proportion, 643 


eee 


Factored form, of a polynomial, 
597-602 
Factoring a polynomial 
ax? + bx + c, 610-617, 636 
x? + bx + c, 603-609, 635 
special products, 619-624, 636 
using the distributive property, 
625-631, 636 
Factor(s), 777-778 
x-intercepts and, 599 
FOIL pattern, 585, 587, 634 
Formulas 
area, 11, 21, 29, 174, 177, 790 
average speed, 4 
Centigrade/Fahrenheit conversion, 
29, 30, 147, 174 
distance, 29, 175, 189, 745-750, 
768 
exponential decay, 484 
exponential growth, 477 
falling object model, 506 
interest 
compound, 477, 479, 482, 675 
simple, 4, 29, 175 
midpoint, 747-750, 768 
odds of an event, 116, 124 
perimeter, 4, 790 
probability, 114, 124, 833, 835 
quadratic, 533, 732 
solving, 174-179 
surface area, 21, 29 
velocity, 110 
volume, 11, 13, 29, 177, 192, 791 
Fraction bar 
as a grouping symbol, 17 
Fraction(s) 
comparing, 779-780 


least common denominator (LCD), 


677-682, 702, 779 
operations with, 781—783 


percent and decimal form, 784—785 


simplifying, 664 
Frequency, histograms and, 792 
Function(s), 46 
decay, 483-491, 492, 496 
evaluating, 257, 458 
exponential, 458, 462, 476-482, 
483-491, 496 


finding the domain, 46—47, 110, 261 
graphing, 256-262, 458, 462, 476, 


479, 483, 486-487, 492 
growth, 476—482, 487, 492, 496 
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linear, 46-52, 56, 80, 257-261, 
266, 274-278 

quadratic, 517-524 

rational, 692-698, 702 

relations and, 256-262, 266 

square root, 709-715, 766 

vertical line test for, 256 

writing, 176-179, 258 


Function notation, 257 
Function table, See Input-output 


table 


Generalization, 187 

Geometric mean, 723 
Geometric probability, 666, 668 
Geometry, See Applications; 


Connections 


Glossary, 843-849, See also English- 


to-Spanish Glossary 


Goldbach’s Conjecture, 759 
Golden ratio, 774-775 
Graphical reasoning, 230, 260, 276, 


282, 297, 345 


Graphing calculator, See also 


Technology Activities 

checking solutions with, 409, 484, 
605, 608, 620, 628, 731 

exercises, 178, 215, 238, 254, 261, 
321, 436, 490, 516, 522, 523, 
530, 531, 538, 540, 545, 553, 
558, 559, 582, 588, 608, 696, 
720, 726 

exponential regression feature, 492 

graph feature, 209, 248-249, 251, 
359, 367, 382, 404, 462, 492, 
517, 525, 527, 583, 620, 663, 
698, 715 

intersection feature, 359, 404, 620 

linear regression feature, 299, 317 

list feature, 492, 525, 663 

matrix feature, 92 

quadratic regression feature, 525 

root feature, 532 

shade feature, 367 

stat edit feature, 209 

stat plot feature, 209, 382 

table feature, 15, 173, 484, 680 

trace feature, 249, 382, 628, 698 

window, 209, 248, 382, 462, 517, 
532 

writing a program, 539, 618 

zero feature, 532 

zoom feature, 249, 382, 698 


Student Resources 


Graphs 
bar, 41, 43-45, 56, 792 
best-fitting curve, 525 
best-fitting line, 292-299 
circle, 651, 652, 793 
of compound inequalities, 346-347 
coordinate, 203—209 
of direct variation models, 234, 237 
of exponential functions, 458, 479 
histogram, 792, 829 
interpreting, 207, 232 
line, 42-45, 46-50, 56, 793 
of linear equations, 210—224, 
240-249, 264-266, 273-278 
of linear functions, 256—262, 266 
of linear inequalities, 334-338, 
360-367, 385 
of linear systems, 398—404, 426, 
440, 442 
misleading, 41, 217 
number line, 63-70, 72, 122, 
334-338, 346-347, 355, 375, 
779-780 
ordered pair, 203 
of quadratic functions, 518-524, 
526-532, 563 
quadratic inequality, 548-553 
of rational functions, 692-693, 
695, 696, 698 
scatter plot, 204-209, 264, 
292-299 
of square root functions, 709-715 
of systems of inequalities, 
432-438, 442 
using as a check, 162, 242, 250, 
279, 280, 285, 302, 406, 526, 
534, 595, 605, 608, 620 
Greatest common factor (GCF), 
625, 777-778 
Group Activities, 16, 23, 25, 31, 71, 
78, 93, 99, 115, 131, 153, 168, 
225, 240, 241, 292, 301, 307, 
308, 315, 333, 341, 354, 397, 
425, 449, 456, 470, 476, 483, 
511, 517, 540, 575, 584, 590, 
597, 603, 610, 618, 657, 683, 
709, 729, 732, 737, 745, 751 
Grouping symbols, 10, 16—20 
Growth factor, 477 
Growth function, 476-482, 487, 
492, 496 
Growth rate, 477 


re 


Half-plane(s), 360 

Histogram, 792, 829 

History, See Applications; 
Connections; Math and 
History 

Horizontal line, 213, 227, 228, 309 

Hyperbola, 692 

Hypotenuse, 738, 752 

Hypothesis, 187-188, 739 


Identity, 155 
Identity properties, 73, 94, 758 
If-then statements, 187—188, 739, 
742, 743 
Indirect proof, 760—763 
Inductive reasoning, 187-188 
Inequalities, 2, See also Linear 
inequalities 
absolute-value, 354-358, 385 
checking solutions of, 26—28 
compound, 346-352 
equivalent, 335-336 
quadratic, 548-553, 564 
real number, 64—70, 779-780 
systems of, 432—438, 442 
verbal phrases for, 33-38, 334 
Inequality symbols, 26 
Input, 46 
Input-output table, 46-52 
Integers, 63-70 
addition of, 71-77, 122 
modeling operations with, 71-72, 
78 
subtraction of, 78-84, 123 
Intercepts, 218—224, 265 
Interest, 
compound, 477, 479, 482, 675 
simple, 4, 29, 175 
Internet Connections 
Application Links, 1, 7, 13, 29, 39, 
61, 66, 107, 110, 129, 152, 
162, 184, 201, 216, 220, 224, 
235, 246, 254, 271, 295, 306, 
331, 338, 352, 357, 362, 379, 
395, 407, 413, 415, 417, 419, 
422, 423, 447, 460, 474, 481, 
491, 501, 513, 535, 543, 547, 
550, 573, 588, 596, 608, 630, 
641, 645, 651, 662, 707, 726, 
735, 744 


Career Links, 26, 34, 42, 48, 90, 
115, 136, 147, 156, 158, 231, 
236, 243, 252, 287, 318, 355, 
365, 400, 430, 434, 436, 454, 
465, 489, 509, 545, 581, 594, 
606, 647, 654, 674, 691, 711, 
713, 749, 760 

Data Updates, 37, 40, 51, 64, 84, 
87, 180, 182, 205, 223, 232, 
247, 260, 277, 281, 294, 320, 
341, 372, 379, 402, 424, 468, 
474, 530, 558, 581, 589, 648, 
688 

Extra Challenge, 8, 14, 21, 30, 38, 
45, 51, 70, 77, 84, 91, 106, 
113, 119, 144, 159, 165, 171, 
179, 185, 208, 217, 233, 239, 
246, 255, 261, 278, 284, 290, 
298, 314, 321, 339, 345, 351, 
358, 374, 380, 403, 410, 416, 
424, 431, 437, 455, 468, 475, 
482, 490, 510, 516, 523, 531, 
538, 546, 553, 559, 582, 589, 
609, 616, 624, 631, 648, 655, 
661, 669, 675, 681, 689, 696, 
721, 736, 743, 750, 757, 763 

Homework Help, 7, 10, 15, 17, 29, 
37, 41, 51, 69, 73, 80, 87, 94, 
104, 109, 118, 133, 143, 150, 
155, 162, 170, 173, 176, 184, 
211, 219, 228, 232, 238, 245, 
252, 260, 277, 280, 286, 297, 
301, 313, 318, 336, 340, 344, 
347, 355, 364, 372, 377, 379, 
399, 409, 412, 423, 430, 433, 
451, 456, 464, 471, 474, 509, 
512, 523, 527, 534, 542, 552, 
558, 577, 585, 594, 601, 605, 
615, 620, 628, 647, 650, 660, 
665, 671, 680, 686, 695, 710, 
717, 731 

Keystroke Help, 11, 74, 81, 92, 
178, 209, 248, 299, 359, 367, 
382, 404, 457, 462, 471, 492, 
504, 517, 525, 532, 539, 583, 
663, 698, 715 

Interpolation, 318 

Inverse operations, 132 

Inverse properties, 73, 108 
Inverse variation, 656-663, 701 


Investigations, See Group Activities; 


Technology Activities 


Leading coefficient, 505, 576 
Least common denominator (LCD), 
677-682, 702, 779 
Least common multiple (LCM), 778 
Leg, of a right triangle, 738 
Like terms, 102, 145 
Line of best fit, 292—299, 325 
Line graph, 42-50, 793 
Linear combination(s), 411-417, 
44] 
Linear equation(s), 133 
addition and subtraction, 132-137 
for best-fitting lines, 292—299, 325 
decimal, 166-172, 192 
forms of, 309 
given slope and a point, 279-284, 
324 
given two points, 285-291, 
324-325 
graphing, 210-224, 250-255, 
264-266 
families, 240 
to solve, 250-255, 398-404 
identity, 155 
intercepts of graphs, 218—223 
multi-step, 145-152, 190 
multiplication and division, 
138-144 
for parallel lines, 242, 245-246, 
280, 283 
for perpendicular lines, 246, 286, 
289 
point-slope form of, 300-306, 325 
problem solving and, 160-165, 191 
slope-intercept form of, 240-247, 
266, 273-278, 324 
standard form of, 308-314, 326 
systems of 
choosing a solution method for, 
418-424, 441 
graphing, 398—404, 440 
number of solutions, 425-431, 
442 
solving by linear combinations, 
411-417, 441 
solving by substitution, 
405-410, 440 
with variables on both sides, 
153-159, 191 
verifying solutions of, 210-211, 
214, 217 
Linear extrapolation, 318 


Linear function(s), 46-51, 56, 80, 
257-262, 266, 274-278 
Linear growth model, 476 
Linear inequalities, 360 
absolute value, 354-358, 385 
compound, 346-351, 385 
graphing, 334-336 
two variable, 360—365, 367, 385 
slope-intercept form of, 361-365 
solving, 334-339, 340-345, 384 
systems of, 432—438, 442 
Linear interpolation, 318 
Linear model, 274—278, 292-298, 
302, 307, 315, 476 
comparing models, 554-560 
predicting with, 281, 283, 287, 
315-321, 326 
Linear programming, 437 
Linear regression, 299, 317 
Linear systems 
applications of, 400, 407, 413, 
418-424, 441 
solutions of, 425-431, 442 
solving 
by graphing, 398-404, 440 
by linear combinations, 
411-417, 441 
by substitution, 405-410, 440 
Logical reasoning, See also Critical 
Thinking 
analytical reasoning, 620 
conclusion, 187—188, 739 
conjecture, 393, 759 
converse of a statement, 739 
counterexample, 66-68, 187, 760 
deductive reasoning, 187-188 
exercises, 20, 70, 77, 84, 103, 106, 
148, 149, 178, 222, 233, 239, 
339, 344, 350, 408, 431, 455, 
546, 648, 674, 680, 689, 726, 
727, 743, 757, 808 
generalizations, 187-188 
graphical reasoning, 230, 260, 276, 
282, 297, 345, 620 
hypothesis, 187-188 
if-then statements, 187-188, 739, 
742, 743 
indirect proof, 760-763 
inductive reasoning, 187-188 
logical equivalence, 599 
proof, 758-764 
true and false statements, 24, 71, 
78, 206, 214, 222 
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Manipulatives, 71, 78, 99, 131, 153, 
240, 292, 315, 392, 483, 575, 
603, 610, 618, 683, 729, 751, 
774 
Math and History, 39, 107, 152, 224, 
306, 352, 417, 491, 547, 596, 
662, 744, 758 
Mathematical model, 33, See also 
Modeling 
Matrix (Matrices), 86-92, 123 
Mean, 369-374, 386, 723 
Means of a proportion, 643 
Measurement 
area, 11, 13, 21, 29, 36, 174, 177, 
790-791 
distance, 29, 36, 175, 745-747, 
768 
perimeter, 4, 23, 790-791 
surface area, 21, 29, 839, 842 
temperature, 29, 30, 147, 174 
volume, 11, 13, 29, 177, 192, 791, 
842 
Measures of central tendency, 
369-374, 386 
Median, 369-374, 386 
Mental math 
exercises, 27, 68, 90, 98, 103, 120, 
247, 593, 797 
solving equations with, 25, 101 
special products and, 591, 593 
Midpoint formula, 747—750, 768 
Mixed Problem Solving, 815-826 
Mixture problems, 418-424 
Mode, 369-374, 386 
Modeling, See also Group 
Activities; Graphs; 
Manipulatives; Tables 
algebra tiles, 71, 78, 99, 131, 153, 
575, 603, 610, 618, 683, 729 
an algebraic model, 5, 28, 33-38, 
55, 95, 110, 134, 141, 147, 
156, 160, 161, 162, 168, 182, 
216, 220, 229, 258, 274, 275, 
310, 334, 342, 362, 400, 407, 
413, 418-420, 578, 586, 592, 
606, 627, 649-652, 672, 678, 
691, 718, 724 
an area model, 100, 584, 590, 592 
choosing a model, 480, 481, 488, 
554-559, 564 
direct and inverse variation, 
234-239, 656, 658 
drawing a diagram, 23, 348 


Student Resources 


an exponential function, 465, 
476-482, 483-492 
formulas, 746, 747 
a linear function, 147, 254, 258, 
274-278, 281, 287, 302, 307, 
310-313, 315 
a linear graph, 212, 216, 220, 229, 
235, 243, 245, 246, 250-252, 
398 
a linear inequality, 341, 345, 346, 
348-352, 362, 434, 436-437 
linear systems, 400, 407, 413, 
418-424, 428 
a number line, 63—70, 72, 75, 
334-338, 355, 779-780 
percent, 182, 651 
polynomials, 578-579, 586, 592, 
627 
a proportion, 140, 645, 651 
a quadratic function, 506, 509, 513, 
520, 528, 536, 599, 606, 613, 
621 
a quadratic inequality, 550 
a radical model, 718, 724 
a ratio, 236 
rational model, 666, 672, 678 
a table, 11, 13, 23, 310, 555 
unit analysis, 5, 95, 156, 181, 229, 
258, 274, 275, 277, 472, 711 
a verbal model, 5, 28, 33-38, 55, 
95, 110, 134, 141, 147, 156, 
160, 161, 162, 168, 182, 216, 
220, 229, 258, 274, 275, 307, 
310, 334, 342, 362, 400, 407, 
413, 418-420, 434, 578, 586, 
592, 606, 627, 649-652, 672, 
678, 691, 718 
a vertical motion model, 535, 543, 
613, 621 
Monomial, 576 
Multicultural connections, 31, 39, 
79, 97, 107, 158, 164, 181, 
183, 232, 261, 407, 468, 510, 
520, 522, 608 
Multiple representations, 2,5, 9, 11, 
23, 25, 26, 28, 32-38, 45, 46, 
47, 48, 71, 72, 78, 86, 95, 100, 
110, 131, 132, 134, 138, 140, 
146, 147, 153, 156, 160, 161, 
162, 164, 168, 180, 181, 182, 
191, 203, 204, 205, 211, 212, 
214, 215, 220, 229, 234, 237, 
241, 250-253, 258, 264, 
273-275, 292-295, 300-302, 


307, 308-310, 315-318, 
334-338, 346-348, 355, 356, 
362, 368, 375-376, 398-400, 
402, 407, 413, 418-420, 
426-427, 429, 434, 435, 458, 
460, 476, 479, 481, 485, 488, 
506, 526-529, 548-551, 
554-556, 575, 578, 583, 584, 
586, 590, 592, 601, 603, 606, 
610, 620, 627, 649-652, 656, 
666, 672, 691, 692, 693, 695, 
709-711, 777, 779, 784, 
792-793, See also 
Manipulatives; Modeling 
Multiple(s), 777-778 
Multiplication 

axioms of, 758 

equations, 138-144 

of fractions, 782—783 

by a negative number, 340 

of polynomials, 584—589, 634 

properties, 94, 139, 450-455, 494 

of radicals, 716-721, 766 

of rational expressions, 670-675, 
701 

of real numbers, 93-98, 123 

scalar, 97 

with scientific notation, 472 


Negative correlation, 295 
Negative numbers, 63—70 
addition of, 71-77, 122 
as exponents, 456-461, 494 
multiplication and division by, 340 
Number line 
adding real numbers on, 72 
comparing real numbers on, 
779-780 
graphing real numbers on, 63-67, 
122 
modeling inequalities on, 334-336, 
346-347, 355 
Number(s) 
absolute value of, 65-70, 122 
comparing, 64 
decimal, 784—785 
integers, 63-70 
opposites, 65, 122 
ordering, 64, 122, 779-780 
perfect square, 504 
prime, 777-778 
real, 63-70 


Odds of an event, 116-120, 124 

Open sentence, 24 

Opposite of a real number, 65, 122 

Order of operations, 10, 16—22, 53, 
55 

Ordered pair(s), 203, 360 

Ordering real numbers, 64, 122, 
779-780 

Origin, coordinate plane, 203 

Origin, number line, 63 

Outcome, 114 

Output, 46 


Parabola, 518 
Parallel lines 
slope and, 242, 245, 246 
writing equations of, 280, 283 
Patterns 
algebraic description of, 23 
difference of two squares, 619, 636 
exponential, 449 
FOIL, 585, 587, 634 
linear modeling and, 315 
multiplication, 93 
perfect square trinomial, 619, 636 
scatter plots and, 205—209 
sequences, 187 
square of a binomial, 590-596, 635 
sum and difference, 590—596, 635 
in tables, 1, 11, 13, 14, 23, 209, 
310, 506, 555 
People, Focus on 
Abdul-Jabbar, Kareem, 112 
al-Khwarizmi, 39 
Archimedes, 413 
Backus, John, 39 
Blondel, Francois, 152 
Brahmagupta, 107 
Carver, George Washington, 596 
Cleave, Mary, 547 
Descartes, René, 224 
Giffard, Henri, 235 
Goldbach, Christian, 759 
Heinlein, Robert, 185 
Huygens, Christiaan, 556 
Joyner-Kersee, Jackie, 136 
Knoll, Max, 491 
Kuhn, John, 13 
Leeuwenhoek, Anton, 491 
Lisovskaya, Natalya, 520 
Lovelace, Ada Byron, 39 


Lucid, Shannon, 495, 625 
McClintock, Barbara, 596 
Mendel, Gregor, 596 
Pythagoras, 738, 744 
Rousso, Paul, 647 
Ruska, Ernst, 491 
Smith, Margaret Chase, 87 
Tartaglia, Niccolo, 547 
Tereshkova, Valentina V., 238 
Uguta, Lameck, 302 
Williams, Cordelia, 647 
Yeager, Chuck, 29 
Zimmer, Heidi, 7 
Percent, 182-186, 192, 649-655, 700 
decay functions and, 484 
fraction and decimal form, 
784-785 
growth functions and, 477 
of a number, 786 
Perfect square, 504 
Perfect square trinomial pattern, 
619, 636 
Perimeter, 4, 23, 790-791 
Perpendicular lines, 246, 286 
Point-slope form, 300-306, 325 
Polygon, regular, 790-79 1 
Polynomial equation 
in factored form, 597—602, 635 
solving 
by factoring, 606, 613, 620, 628, 
635 
by graphing, 526-532, 563 
by the quadratic formula, 
533-539, 563 
Polynomial model, 627 
Polynomial(s) 
addition of, 575-583, 634 
classifying, 576 
cubic, 224, 576, 598, 631 
division of, 683-689, 702 
factored form, 597—602, 635 
factoring, 603-617, 635, 636 
special products, 619-624, 636 
using the distributive property, 
625-632, 636 
multiplication of, 584-589, 634 
rational expressions and, 670-675, 
701 
special products of, 590-596, 635 
standard form, 576 
subtraction of, 576-583, 634 
Positive correlation, 295 
Postulate, 758 


Power of a power property, 
450-455, 494 
Power of a product property, 
450-455, 494 
Power of a quotient property, 
463-469, 495 
Powers, 9-15, 54, See also 
Exponents 
Practice, See Reviews 
Prediction, 1, 23, 51, 114-120, 252, 
254, 274-275, 277, 278, 281, 
287, 315-322, 326, 341, 400, 
402, 570-571, 729, 751, 774, 
See also Estimation 
extrapolation, interpolation, 318 
using a scatter plot, 205—209, 232 
Prime factor, 625, 777-778 
Prime number, 777-778 


Probability, 114-120, 124, 452, 465, 


833-838 
complementary events, 838 
compound events, 833 
counting methods, 788-789 
counting principle, 788—789 
dependent events, 833 
of an event, 114 


exercises, 117-120, 124, 125, 127, 


170, 172, 345, 454, 468, 596 

experimental, 115 

formula, 114, 833, 835 

geometric, 666, 668 

independent events, 675, 833 

mutually exclusive events, 835 

odds, 116-120 

overlapping events, 835 

theoretical, 114-115 

tree diagram, 788—789 

using a survey to find, 115 
Problem Solving Plan, 795-796 

using models, 32-38, 55 
Problem Solving Strategies, 


795-796, See also Choosing a 


method; Modeling 


draw a diagram, 160, 162, 348, 739 


guess, check, and revise, 31, 354 

make a graph, 162, 204, 220, 310, 
362, 400 

make a list, 788-789 

make a table, 161, 310, 506 

solve a simpler problem, 477 

use a formula, 34, 110, 147, 229, 
480 

use a model, 586, 592, 651, 672, 
678 
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use percent(s), 651, 652 
use a proportion, 645, 651 
use a verbal model, 5, 34, 39, 48, 
55, 95, 141, 147, 156, 161, 
168, 220, 229, 258, 274, 275, 
342, 362, 400, 407, 413, 
418-420, 434, 578, 586, 592, 
606, 627, 649-652, 672, 678, 
691, 718 
write an equation, 48, 141, 147, 
161, 162, 168, 216, 220, 258, 
274, 275, 310, 342, 400, 418, 
506, 592, 651, 672, 678 
Product of powers property, 
450-455, 494 
Product property of radicals, 511 
Projects 
Fitting a Model to Data, 570-571 
Investigating Elasticity, 392-393 
Investigating the Golden Ratio, 
7714-775 
Running a Business, 198-199 
Proof, 758-764, 768 
completing a, 674 
counterexample and, 760-763 
indirect, 760—763 
Property (Properties) 
of addition, 73, 139, 758 
distributive, 99-107, 124 
of equality, 139 
of exponents 
division, 463-469, 495 
multiplication, 450-455, 494 
of graphs of direct variation 
models, 234 
of multiplication, 94, 758 
inverse, 108 
of opposites, 94 
of proportions, 643-644 
of radicals, 511 
of zero, 73, 94 
zero-product, 597-598, 635, 665 
Proportion(s), 643-648, 651, 700 
Punnett square, 592 
Pythagorean theorem, 737-745, 767 
converse of, 739-742, 767 


Quadrant(s), 203 

Quadratic equation(s) 
discriminant and, 540-546 
list of methods for solving, 732 


Student Resources 


solving 
by completing the square, 
730-736 
by factoring, 606, 613, 620 
by finding square roots, 
503-510, 562 
by graphing, 526-532, 563 
by the quadratic formula, 
533-539, 563 
standard form of, 505 
Quadratic formula 
methods for deriving, 732 
solving quadratic equations by, 
533-539, 563 
Quadratic function(s) 
graphing, 517-523, 563 
standard form, 518 
vertex form, 736 
Quadratic inequality, 548-553, 564 
Quadratic model, 554—560, 599, 
606, 613, 621 
compared with exponential and 
linear models, 554-560 
Quartile(s), 375-378 
Quotient of powers property, 
463-469, 495 
Quotient property of radicals, 511 
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Radical expression, 504 
Radicals 
operations with, 716-721, 766 
properties of, 511 
simplifying, 511-516, 562 
solving equations, 722—728, 767 
square-root functions, 709-715, 
766 
Radicand, 503 
Range, 47 
Rate(s), 140, 180-186, 192, 787 
of change, 229 
of decay, 484 
of growth, 477 
of increase and decrease, 161 
unit, 181-184, 787 
Rational equation(s), 690-698, 702 
Rational expression(s) 
adding and subtracting, 676-682, 
702 
multiplying and dividing, 670-675, 
701 
simplifying, 664-669, 701 
Rational function(s), 692-698, 702 


Ratio(s), 140, 180-186, 192, 787 
golden, 774-775 
lowest terms, 787 
modeling direct variation with, 
236-239 
proportion and, 643-648, 700 
trigonometric, 752—757, 768 
Real number(s) 
absolute value of, 65-70, 122 
addition of, 71-77, 122 
comparing, 64, 122, 779-780 
division of, 108-113, 124 
graphing on a number line, 63-70 
multiplication of, 93-98, 123 
opposites, 65, 122 
ordering, 64, 122, 779-780 
subtraction of, 78-84, 123 
Reasoning, See Critical Thinking; 
Logical Reasoning 
Reciprocal, 108, 782 
multiplying by 
to divide fractions, 782—783 
to evaluate or simplify a division 
expression, 108-113 
to solve equations, 139, 146 
Reciprocal property, 643 
Regular polygon, 790-791 
Relation(s) 
functions and, 256-262, 266 
Reviews, See also Assessment; 
Projects 
Chapter Review, 54—56, 122-124, 
190-192, 264-266, 324-326, 
384-386, 440-442, 494-496, 
562-564, 634-636, 700-702, 
766-768 
Chapter Summary, 53, 121, 189, 
263, 323, 383, 439, 493, 561, 
633, 699, 765 
Cumulative Practice, 196-197, 
390-391, 568-569, 772-773 
Extra Practice, 797-808 
Mixed Review, 8, 14, 22, 30, 38, 
45, 52, 70, 77, 85, 91, 98, 106, 
113, 120, 137, 144, 151, 159, 
165, 172, 179, 186, 208, 217, 
223, 233, 239, 247, 255, 262, 
278, 284, 291, 298, 305, 314, 
322, 339, 345, 351, 358, 366, 
374, 381, 403, 410, 416, 424, 
431, 438, 455, 461, 469, 475, 
482, 490, 510, 516, 524, 531, 
538, 546, 553, 560, 582, 589, 
595, 602, 609, 617, 624, 632, 


648, 655, 661, 669, 675, 682, 
689, 697, 714, 721, 728, 736, 
743, 750, 757, 764 
Skills Review Handbook 
Comparing and Ordering 
Numbers, 779-780 
Counting Methods, 788-789 
Data Displays, 792-794 
Factors and Multiples, 777-778 
Fraction Operations, 781-783 
Fractions, Decimals, and 
Percents, 784-785 
Perimeter, Area, and Volume, 
790-791 
Problem Solving, 795-796 
Ratio and Rate, 787 
Using Percent, 786 
Study Guide, 2, 62, 130, 202, 272, 
332, 396, 448, 502, 574, 642, 
708 
Right triangle(s), trigonometric 
ratios and, 752-757 
Roots, of a quadratic equation, 526, 
529, 532 
Rounding answers, 166—172, 249 


Samples, 827-832 
biased, 828 
convenience, 827 
of a population, 827 
random, 828 
self-selected, 827 
simple random, 827 
stratified, 827 
systematic, 827 
Scalar multiplication, 97 
Scatter plot, 204—209, 264 
Science, See Applications; 
Connections 
Scientific notation, 470—475, 495 
Sequence 
inductive reasoning and, 187 
linear modeling and, 315 
Similar triangles, 140, 751 
Sine, 752-757 
Skills Review Handbook, 777-796 
Slope, 225-233, 265 
classification of lines by, 227-228 
concept of, 225 
parallel lines and, 242, 245, 246 
Slope-intercept form, 240-247, 266, 
273-278, 324 


given the slope and a point, 
279-284, 324 
of linear inequalities, 361, 364 
Solution 
of an equation, 24, 210 
of an inequality, 26 
of a quadratic equation, 541 
of a system of linear equations, 
398-404 
of a system of linear inequalities, 
432-438, 442 
Speed, definition, 66 
Spreadsheet, 173, 430, 680 
Square of a binomial pattern, 
590-596, 635 
Square root functions, 709-715, 766 
families of, 715 
Square root(s) 
for solving quadratic equations, 
503-510, 562 
Standard form 
of a linear equation, 308-314, 326 
of a polynomial, 576 
of a quadratic equation, 505 
of a quadratic function, 518 
Statistics, See also Data; Graphs; 
Percent; Probability; Rate; 
Ratio; Samples; Tables; Tree 
diagram 
bell-shaped distribution, 370 
best-fitting line, 292—298, 325 
mean, 369-374, 386 
measures of central tendency, 
369-374 
median, 369-374, 386 
mode, 369-374, 386 
quartiles, 375-378 
Stem-and-leaf plot, 368, 371-373, 
386 
Student Help, See also Internet 
Connections; Skills Review 
Handbook; Study Strategies; 
Test-taking strategies 
Look Back, 73, 76, 78, 80, 97, 110, 
131, 139, 146, 154, 176, 187, 
188, 207, 211, 215, 227, 256, 
274, 280, 309, 317, 334, 335, 
336, 370, 397, 398, 415, 425, 
426, 450, 465, 472, 506, 527, 
540, 542, 549, 555, 584, 585, 
605, 613, 615, 644, 665, 683, 
726, 729, 739, 760, 829 
Study Tips, 2, 17, 21, 33, 93, 101, 
109, 116, 133, 134, 146, 155, 
167, 202, 209, 213, 219, 249, 


251, 257, 272, 273, 293, 301, 
317, 332, 335, 347, 354, 361, 
376, 396, 406, 412, 418, 427, 
433, 448, 451, 457, 478, 502, 
505, 519, 534, 574, 577, 591, 
598, 599, 612, 620, 642, 644, 
650, 651, 664, 670, 671, 677, 
685, 691, 708, 710, 723, 730, 
731, 739, 753, 759, 833, 839 
Study Strategies 
Drawing Diagrams, 708, 765 
Explaining Ideas, 502, 561 
Getting Questions Answered, 202, 
263 
Keeping a Math Notebook, 2, 53 
Learning to Use Formulas, 130, 
189 
Planning Your Time, 448, 493 
Practice Test, 272, 323 
Previewing and Reviewing, 642, 
699 
Showing Your Work, 332, 383 
Solving Problems, 396, 439 
Studying a Lesson, 62, 121 
Working on Trouble Spots, 574, 
633 
Substitution 
checking solutions by, 24—30, 166, 
167, 210, 224, 251, 353, 
360-363, 398, 406, 419, 527, 
555, 556, 613, 643, 644, 717, 
722-723 
in equations, 24—25 
in rounded answers, 166, 167 
solving linear systems by, 
405-410, 440 
Subtraction 
equations, 132-137 
of fractions, 781, 783 
of integers, 78-84, 123 
of polynomials, 576-583, 634 
property of equality, 139 
of radicals, 716-721 
of rational expressions, 676-682, 
702 
of real numbers, 78-84, 123 
to solve an inequality, 335-338 
using matrices, 87-92, 123 
Sum and difference pattern, 
590-596, 635 
Survey 
biased questions in, 828 
to find probability, 115 
Symbols 
absolute value, 65 
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function notation, 257 
inequality, 26 
plus or minus, 503 


Table(s) 
graphing calculator, 15, 173 
organizing data with, 11, 13, 23, 
40-44, 56, 156, 211, 225, 310, 
315, 483, 582, 589, 648, 662, 
729 
representing functions with, 46-51, 
80, 458, 556, 709-711 
using as a check, 156, 161 
using to find patterns, 11, 13, 14, 
23, 209, 310, 506, 555 
of values, 210-217, 458, 479, 519, 
520, 597, 663, 678, 692, 693 
Tangent, 752—757 
Technology, See Calculator; 
Computer; Graphing 
calculator; Internet 
Connections; Technology 
Activities 
Technology Activities 
Adding and Subtracting Matrices, 
92 
Box-and-Whisker Plots, 382 
Families of Square-Root Functions, 
715 
Fitting Models, 299, 492, 525, 663 
Graphing 
Absolute-Value Equations, 359 
Functions, 248-249, 367, 462, 
583, 698 
Scatter Plot, 209 
Making a Table, 15 
A Program for the Quadratic 
Formula, 539 
Solving Linear Systems by 
Graphing, 404 
Solving Quadratic Equations by 
Graphing, 532 
Using a Table or a Spreadsheet to 
Solve Equations, 173 
Temperature, 
Centigrade/Fahrenheit 
formula for, 29, 30, 147, 174 
Terms 
of an expression, 80, 102 
of a polynomial, 576 
Test Preparation 
multi-step problem, 14, 21, 45, 51, 
84, 91, 106, 137, 151, 165, 


Student Resources 


171, 208, 223, 255, 269, 284, 
298, 321, 339, 351, 380, 410, 
431, 437, 455, 468, 523, 538, 
546, 582, 589, 602, 648, 661, 
669, 689, 714, 743, 757, 763 
multiple choice, 8, 30, 38, 77, 98, 
113, 119, 144, 159, 179, 217, 
233, 239, 246, 268, 278, 290, 
305, 313, 345, 358, 365, 403, 
424, 461, 475, 482, 490, 516, 
531, 553, 559, 609, 616, 624, 
631, 675, 681, 696, 721, 736, 
750 
quantitative comparison, 70, 185, 
261, 269, 374, 416, 461, 509, 
595, 655, 727 
Test-taking strategies, 58, 126, 194, 
268, 328, 388, 444, 498, 566, 
638, 704, 770 
Theorem, 739, 759 
proving, 759-763 
Pythagorean, 737-745, 767 
Theoretical probability, 114-115 
Transformations, 132, 138, 145-146 
Translating verbal statements, 134, 
137, 168, 345 
Tree diagram 
as a counting method, 788-789 
for prime factorization, 777 
Trigonometric ratios, 751—757, 768 
Trinomial, 576, See also Polynomial 
factoring, 603-617, 635, 636 
Trinomial denominators, 68 | 


Undefined expression, 665 

Unit analysis, 5, 6, 37, 95, 97, 150, 
156, 163, 181, 183, 184, 229, 
258, 274, 275, 277, 468, 472, 
475, 711, 713 

Unit rate, 181-184, 787 
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Values of a variable, 3 
Variable expression, 3-8, 54, 94 
Variable(s), 3 
on both sides of an equation, 
153-159, 190 
coefficient of, 102 
Variation 
constant of, 234, 656 
direct, 234-239, 265, 656-662, 
701 
inverse, 656-663, 701 


Velocity, 66 

Verbal model, 5, 28, 32—38, 48, 55, 
95, 110, 134, 141, 147, 150, 
156, 160, 161, 162, 168, 182, 
216, 220, 229, 258, 274, 275, 
307, 310, 334, 342, 362, 400, 
407, 413, 418-420, 434, 578, 
586, 592, 606, 627, 649-652, 
672, 678, 691, 718 

Vertex, of a parabola, 518 

Vertical line 

equation of, 213, 309 
slope of, 227, 228, 242 

Vertical line test, for functions, 256 

Vertical motion model, 535-538, 
543, 545, 613, 615, 621, 623, 
630 

Visual thinking, 215, 255, 298, 437, 
460, 490, 538, 726, See also 
Graphs; Manipulatives; 
Modeling; Multiple 
representations 

Volume, 11, 13, 29, 177, 192, 791, 
See also Formulas 
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x-axis, 203 

x-intercept(s), 218 
linear graphs and, 218-224 
quadratic graphs and, 542 


y-axis, 203 
y-intercept(s), 218 
linear graphs and, 218-224, 242 


Zero 
division by, 108, 109 
as an exponent, 456-461, 494 
Zero property, of addition, 73 
Zero slope, 227 
Zero-product property, 597-598, 
635, 665 
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long and the height is 3 units. 
65. Distance from Home 


Distance (mi) 


Time (h) 


87.A_ 89. from 2001 to 2002 


2 2 
Quiz 2 (p.247) 15 2.5 


SELECTED ANSWERS 


19. -$30,080/month 


Selected Answers 


POSSESS EEE EEEESEESEEEEESEEEEEEEEEEESEEES 


7 


3.5 


9 


8. y=8x 9.y=6x 10. y= x N.y=0.7x 12. y= 


47. Yes; both have slope 2. 49. No; one has slope $ the 


other has slope -<. 51. Yes; both have slope 3. 53. C 
55.B_ 63. A triangle; 9 square units; the base is 6 units 


67. 4 ft 


4.6 MIXED REVIEW (p. 247) 79.5 81.12 83.6 85.-1 


4.2 5.0 6-1 Zy=5x 
4 
ox 


TECHNOLOGY ACTIVITY 4.6 (p. 248-249) 
1. 3. 


! i l 
—ee St 


9. Sample answer: standard viewing window 

11. Sample answer: Xmin = —10, Xmax = 30, Xscl = 5, 
Ymin = —10000, Ymax = 50000, Yscl = 5000 

13. about 662.5 15. about —1911 


4.7 PRACTICE (pp. 253-254) 2A 9.B 11.C 13.B 
15.-4x -7=0; y=-4x-7 127.4x+5=0; y=4x4+5 
19.4+7=0;y=x47 21.3 23.14 25.-4 271 29.1 


31.3 33.2 35.-4 37-4 39.-5 41.6 43.-2 
45.1999 47 2001 


4.7 MIXED REVIEW (p. 255) 53.no 55.no 57.no 
59.644 8y 61.-3q7-12q 63.-2d+ 10 
65. 15w — 10w? 


4.8 PRACTICE (pp. 259-261) 3.-10 5.-16 

7. yes; 10, 20, 30, 40, 50; 100, 200, 300, 400, 500 

9.no 11. Yes; no vertical line passes through two points on 
the graph. 13. No; there are vertical lines that pass 
through two or more points on the graph. 

15. yes; 1,2,3,4;0 12 yes; 0, 1, 2,3; 2,4, 6,8 

19. yes; 1,3,5,7;1,2,3 21. 14;-2;-26 23.2.5; 0;-—3.75 
25. —1.34; -2;-2.99 27.7.8;7;5.8 29.C 31.B 


y 


39. y 


43.-1 45.-3 471.75 49.0 
51. about 16 million 53. Yes; each input is paired with 


exactly one output. 55. f(t) = a, or f(t) = 5.88¢ 


4.8 MIXED REVIEW (p. 262) CHAPTER 4 REVIEW (pp. 264-266) 
9.8 -17.9 1. 
.|-12.3 -0.1] 624 69.-3 71. 24 

12.4 -13.2 


wo 
wn 


75. y=2x-7 


Distance (mi) 
a 


wn 


‘oa 


79. 


Km from finish line 
oOorPNWwW BW 
seeereseeee 


0123 4 5¢t 
Hours 


Quiz 3 (p.262) 1.-2 2.4 3.1 4.- 


4 5-13 6-55 
7.6; -9; -29 8.-9;3;19 9.3.25;-2:-9 10.—4.2; 0; 5.6 


3. 9. 2.8 
11. 97; 9; 8 12. 2; =; 2 13. 


Nl 


SYAMSNV G4319414S 


st eteeeeeeeeeeeeeee: 


19. 250 lunches 


bas 


Selected Answers 


re ee ee 


CHAPTER 5 47. y = 10x 


Sailboard Rental Cost 


SKILL REVIEW (p.272) 1.2 2.10 3.-6 


0123 45 6% 
Time (h) 


” 

cc 

Lu 

= 

7) 

Fa 

<q 

Q 

uJ 

- 

a 5.1 PRACTICE (pp. 276-277) 3.y=x 5.y=-x+3 i 5 2 50 

a 

rt hy=-3x45 9.y=1.5x44 11.922 13.y=x42 5.2 PRACTICE (pp. 282-283) 3. y=5x+5 5. y=3x-7> 

1 

21.y=x-3 23.a: y=2x+3;b: y=2x; c: y=2x-4 a 15. y=—4x+1 My=4x—1 ‘3 
25.a: y=4;b: y=1;¢c: y=-2 27. about 3,710,400 19. y= 3x43 21.y=4x-2 23.y=4 25. y= nxt 5 


29. $36.25; $42.50; $48.75; $55 31. Let y = your uncle’s 3 

weight in Ib and x = the number of months from the start 22 y=sZx 29.x=2 31. y=3x—-12 3B. yax+2 

of his weight loss; y = 180 — 2x; Ib = Ib-—_- months. 35.y=-3x +14 32 y= —4x+h 39. y=6x-33 

33. y= 200 — 50f; the distance from home decreases as ‘y= ax —2 43. about 162,000 45. $21,750 

time increases. 35. T=5x 37 Sample answer: If the 47. $39.80 49. $2 

club members can sell only 200 calendars, the fundraising 

project will not raise any money at all because the cost for 5-2 MIXED REVIEW (p. 284) 53. 32,768 55. 531,441 

producing 200 calendars will equal the money raised by 57.64 59. 10,000 61. 10,077,696 

selling 200 calendars. Therefore, it is not a very effective 63. about 2,541,865,828,000 65. + 67.-11 69.—20 
ject. 

projec 71. 14 73.3 75. -4 

5.1 MIXED REVIEW (p.278) 41.—3 43.-11 i 4 1 

45. Let x = the width of each photograph; 3x + 35 = 13. 5.3 PRACTICE (pp. 288-290) 3.7 5.-1 Zy=sx-5 


gy=Sxt2 u.y=—px-t 13. y=4x 
15.y=6x-27 12y=2 19.y=-3x-3 ai.y=Sx45 
23.y=-2 25.y=-2x+1 azy=—Sx+8 


Selected Answers 


aa.y=sxt5 31.x=5 spe a 


2 11 11 

35. y=—for+ 18 372. y=3 39. y=—2x4+ 
41.y= —ix + + 43. y= Px +4 45. Lines p and 7; 
their slopes are negative reciprocals. 47 y=—2x+ 13 

Whe ee Ae UP s FP pees 
49. WX: Y=—3x +4; XY. y= qr- qo ZY: YH-3xX- 3 
BI. y=—Px+60;-2 53.5= 374331 55. 25°C 57.686 m 
5.3 MIXED REVIEW (p. 291) 67. oe 69.-5 71.—35 


73. + 75. positive 


Quiz 1 (p.291) Ly=Gxt4 2.y=-2x+2 3. y=Gx-4 


4.y=2x4+14 5.y=-3x+7 6 y=x-3 Zy=x-2 


ere! A 2 = 
8. y=—3x-3 9 ya Bxt3 10. y=4 11. y=28x+ 10 
12. Canoe Rental Cost 13. $94 


Cost (dollars) 


012345 67% 
Days 

5.4 PRACTICE (pp. 296-297) 7. negative correlation; 
Sample answer: y =—1.54x + 3.23 9. positive correlation; 
Sample answer: y = 1.16x — 6.22 11. Sample answer: 
y=1.19x+1.19 13. Sample answer: y = 1.64x + 2.57 
15. Sample answer: y = —1.79x + 15.45 17. positive 
correlation 19. negative correlation 21. positive 


correlation 23. Sample answer: y = 25x + 50 


25. Sample Pupil Sample Pupil 
Diameters (Daylight) Diameters (Night) 


y y 
8 8 
ae a TF 
a E 
E E 
ce 
Es Es 
Qo, Qo, 
1 1 
0 0. 


0 10 20 30 40 50 60 70 80 ¥ 
Age (years) 


0 10 20 30 40 50 60 70 80 ¥ 
Age (years) 


5.4 MIXED REVIEW (p. 298) 35. horizontal 


37. vertical 39. positive 41.zero 43. y= —ix + + 
= ee eee 
45.y=-x+ 10 4. y=—ax-— 7 49. y= 5x—"5 


TECHNOLOGY ACTIVITY 5.4 (p.299) 1. y= 0.47x + 2.01 
3. y=0.95x+ 1.41 


5.5 PRACTICE (pp. 303-304) 3. y-4=4(x-3) Ppt 
Zy-4=5(¢-3) 9 y-10=4(v43) Wy t7= 
-~8(x —7) 13. y+ 1=-3(x +4) ory—2=-20@ + 9) 


15. y—12 =-2(x- 2) or y—2=-2(%-7) 12 y+7= 
(«+ 4) or y-2=3(x-2) 19. y+ 3=-4(r+4 1) 
21.y—5=S(x-l)ory+5=5@+1) 

23. y-10=—2 w+ 9) ory +3 =-S(x 4-4) 25.y—10= 
-12@ +5) ory+2=-12@44) 22y+9=-3(x +3) or 
y+8=-4046) 29.y47=-(-loryt+5=-(+ 1) 


31.y—2=-S(x+6) 33.y+2=2(44+8) 35.y-4= 
6(4+3) 32y+1=0 39. y—4=2(x- 1); y=2x4+2 
41. y-2=4(x-6);y=4x-1 43. y+1=-1@-5); 


y=-x+4 45. y—1=—90r+ Isy=—gx+ 47. y+6= 


8 8 
2 eye eee a 
—3(% +9); y=—3x 12 49. y= 3% -3 Sty 3= 


A%x-1 ory-5=2(x—-2) 53.y+ 10 =-3(x-7) or 
y+22=-S(x— 15) 55. y+4=5(x+3)ory+ be 
3(x— 1) 5%d=-0.76t + 120 59. at about 11:38 A.M. 
61. at about 11:49 A.M. 63. at about 2:25 P.M. 


5.5 MIXED REVIEW (p.305) 71. solution 73. solution 
75. solution 77. 


87 334% 


Quiz 2 (p.306) 1. Sample equation: y = 0.82x — 2.78; 
positive 2. Sample equation: y =—0.53x — 0.73; negative 
3. Sample equation: y = 1.38x + 0.99; positive 
4.y+4=-l@-1) 5.y-5=2(x-2) 6 yt+2= 
-2(r+3) Zy+3=0 By-6=5+6) 


Selected Answers 


TOSS Ree e rere seers esse rT SEES SETS SESS SESS eSSSSSESSSSSS: se teeeee 
Boao * 


SYAMSNV G4319414S 


74 


_ 


Movie Theaters 


POPP OOOH EEE EEE EEE SEES SESE SEES 


” 
ce 
LJ 
= 
72) 
Fa 
< 
a 
Ld 
- 
Oo 
Ld 
oad 
LJ 
77) 


9. y-8=7(x-3) 10. y= gx ory+1=5(r +3) 


W.yt2=0 Wy +3=F(x+5)ory-6=S(x-1) 


5.6 PRACTICE (pp.311-313) 5-15 odd: Sample answers are 
given. 5.5x+y=6 72x-2y=-16 9.3x-2y=4 
W1.5x-y=7 13.x+y=-3 15.2x+y=5 

17. 8; 6; 4; 2;0 19-53 odd: Sample answers are given. 
19.x+3y=4 21.2x-3y=14 23.y=-3 25.3x-y=8 
27.6x—7y=-18 29.5x-2y=-18 31.x+7y=6 
33.2x-y=-19 35.3x+y=1 325x-y=17 
39.7x+y=23 41.2x+y=17 43.x-y=-3 
45.3x-4y=-13 47x+y=-3 49.y=0 51.y=-4, 
x=2 53.y=-3,x=0 55. y=4,x=-4 52 y=-1,x=6 
59.y=0,x=-9 61. y=-3,x=10 63. The expression 
inside the brackets was simplified incorrectly; 
x—(-6)=x+6. 65. >? 


Sunflower seed (Ib 


02 4 6 8 10 12 * 
Thistle seeds (Ib) 


67. Sample answer: 2x + 3y = 10 69. 3 students 

71. 0% blue, 60% red; 10% blue, 50% red; 20% blue, 
40% red; 30% blue, 30% red; 40% blue, 20% red; 
50% blue, 10% red; 60% blue, 0% red 

73. 0% blue, 80% red; 10% blue, 70% red; 20% blue, 
60% red; 30% blue, 50% red; 40% blue, 40% red; 
50% blue, 30% red; 60% blue, 20% red; 70% blue, 
10% red; 80% blue, 0% red 


5.6 MIXED REVIEW (p.314) 85.11 824 89. 54 


ul 6. 87 


ene Ree ee 
101. y=—7 =15 103. ¥=—T9*— To 


sali 88 
ee Wl 5 
105. $118.67 107. 25% 

5.7 PRACTICE (pp. 319-321) 7 Sample answer: y = 0.62x + 


1.96 9. about 20.56 gal; extrapolation 11.no 13. yes 


Selected Answers 


15. yes 17. 19. indoor screens 


Indoor screens 
(thousands) 


% 5 10 15 20 25 ¢ 
Years since 1975 


21. about 35,000 theaters 23. y=0.94x + 16.17 
25. y = 2.24x + 30.91 27 about $64.51 billion; 
linear extrapolation 


5.7 MIXED REVIEW (p. 322) 


39. 25] —2<-1,-1>-2 
-3 -2-1 0 1 2 3 
1 53 3 1 
3 eS ie = 
i 3 ae oy Teall 
—|—6—|—_ |_| ¢-1- => 
-1 0 1 2 
7 7 
43. -3-3 —3 >> =F 52 
-—+eo—_+—_+—_ ++ 
-4 =2 0 2 


45. y=5x-8 47.y=-2x-6 49. y=7x+28 
51.y=-5x+44 53.y=2x+23 


QUIZ 3 (p.322) 1-6. Sample answers are given. 
1.x-2y=-6 2.9x+3y=18 3.-2x+6y=8 
4.9x-y=-12 5.2x-3y=-18 6. 14x- l6y=1 
72xt+y=4 8x+2y=6 9.3x+y=8 10.2x-y=-5 
11.3x-y=-40 12.6x—y=-94 13. Let x = the number 
of years since 1985; y = 0.13x + 74.80. 

14. about 75.32 years 15. about 78.7 years 


CHAPTER 5 REVIEW (pp. 324-326) 1. y = 2x —2 


3.y=-8x-3 5.y=2x+22 ny=—tx-2 

9y= a + 2 11. Sample answer: y = 1.98x + 1.11 
at ee, ee ees 

13. y-4= E(x +4) ory-S=Ex 2), y= Ext 3 


15.y+2=-5(x- 1) ory—8=-5(x4+ 1); y=-5x +3 
17-21 odd: Sample answers are given. 17 8x +3y=2 
19.x+3y=2 21.4x-3y=12 23. about 242 million; 
linear extrapolation 25. about 178 million; linear 
extrapolation 


CHAPTER 6 


SKILL REVIEW (p.332) 1. solution 2. not a solution 
3. solution 4.notasolution 5.notasolution 6. solution 
710 8.24 9.9 10.6 


11.7 


12. 2 


6.1 PRACTICE (pp. 337-338) 9. open dot 11. open dot 
13. closed dot 15. y2—5 


-6 -5 -4 -3 -2 -1 0 
17.x>14 19. y 2-6 


14 


-6 -5 -4 -3 -2 -1 0 
0 3 6 9 12 15 18 


21. 19,550 23. 
-4 0 4 8 12 16 20 
0 8,000 16,000 24,000 
25. ++ 627. 2.5 
-10-8 -6 -4 -2 0 2 + ee 


31.x<2 
=3 22 1) 0 oT 2 8 


33.x<24 35.p211 32x>5=++++++ + OO 
012 3 4 5 6 
i 41.m2>-17 43.x<2 


45.x2>- 10‘ ee 47.a<-10 
-12-10 -8 -6 -4 -2 


49.m2=>-5 51.x<-5 53.a220 55.x<5;E 
572.x>5:C 59.x20:;A 61x<2 


55 
63. M < 1376 65. £ < 1700 
1376 1700 
0 600 1200 1800 0 600 1200 1800 


67, 131 < f< 587 


6.1 MIXED REVIEW (p. 339) 
1 


71.9 73.14 75.56 773 79.—4 


81. y=5x- 1; (0, —1) and (2, 0) 


83. y = 4; the line does not cross y 
the x-axis and crosses the 
y-axis at (0, 4). 


85. x = 5; the line crosses the 
x-axis at (5, 0) and does not 
cross the y-axis. 


87.d=0.12t 


6.2 PRACTICE (pp. 343-344) 5.y>-3 2x53 9.x<10 
W.x<—4 13.%<—> 15.x>-18 2x24 19.x>-3 


4 
21.x<3 23.x<-5 25.x>-9 272x212 29.x>-8 
31.x>11 33.x>65 3.x >2 37. 1.25r+5<25: 


l6 rides 39.0.75¢+ 14< 18.50; 6 toppings 41.2 years 
43.x>4m 45.x<10ft 42x<S5in. 


16 


6.2 MIXED REVIEW (p.345) 55.-10 5212 59. 7 


61.¢>2£ 63.3 65.0.75 


6.3 PRACTICE (pp. 349-350) 
3.2<x<5 +++ ORNs I x <4 
-1 0 1 2 3 4 5 


22<x<4 9x<-20rx>1 11<d<3 
13.x>7orx<5 15.-9<x<4 
tO =o 

-10-8-6-4-2 0 2 4 


17.-6<x<-l 
-6 -5 -4 -3 -2 -1 0 


19. x is greater than —2 and less than 9. 21. x is greater 
than or equal to | and less than or equal to 6. 23. x is less 
than or equal to —5 or greater than or equal to 10. 

25. x is greater than —2 and less than or equal to 9. 


SYAMSNV G431L9414S 


27.-5<x<-4 Hah ege” 
3 3 
o— Saal Se Se aoe ee ee Ca Bie 
-6 -5 -4 -3 -2 -1 0 
2 ul 1 2 
“1-373 9 3 3 1 


31.x>30rx<1—-+—e-+—-—+——++ 
-1 01 2 3 4 5 


33. <-+ + 1+ O85. a 7 

101 2 3 4 5 
2<x <5; solution Soa are 

a —5 <x <7; solution 

37. 85,000 < x < 2,600,000 39. Sample answer: A solution 

would be a number on the graph of both inequalities. Since 

the graphs do not overlap, there are no such numbers. 


41.A 43.108 <d< 10° 


6.3 MIXED REVIEW (p.351) 49.7 51.10 53. 16.5 
55.-8 52716 59.-12 61.-7 63.7.8 65.3 
67. at least 30 times 69. 4 mi 


QUIZ 1 (p.352) 1. < 5 ete 
0 1 2 3 4 5 6 


Stee eee eeennnee 


anenes 


2.x <-8 3.x<4 
as Se A RO Dee Se ee ae ee A Re 
-12 -8 -4 0 -1 01 2 3 4 5 


Selected Answers 


re eee eee ee 


COCR RO ESTEE EEE EEE EEE ESET EEE EEE EEES 


SELECTED ANSWERS 


OOO OS OEE EEEEEEE SESE SE SESESESEEEOS SESE EEEEEEEEES 


4.x <-10 5.x 5-4 
—_—e— ++ + 
—12 -8 —-4 0 -8 -6 -4 -2 0 2 4 
6.3<x<12 Lx<2 
—_———o +H 

-3 0 3 6 9 12 15 -—2 -1 0 1 2 3 4 
8.x 217 9.-12<x<-2 

17 OO 


+t Or 12 -8 -4 0 


0 8 16 24 


10.x>-9 orx<-12 1.x>S5orx<-l 


ot HO 
-15-12 -9 -6 -3 0 3 -1 012 3 4 5 
12.x<-lorx> 53 13.x>-2 orx<-4 
4 5 
= 55 “6 
Ot EO 


—2 0 2 4 6 8 10 
14.x252 15.-128.6<T< 136 


-5 -4 -3 -2 -1 0 1 


6.4 PRACTICE (pp. 356-357) 70 9.-—6,14 11. a -14 


13.C 15.-10<x<-2 12.-25x515 19.-7,7 

21.-25,25 23.-16,6 25.3,7 27 -12,6 29.-3.8, 10.2 

31.—5, 6 33. -94, 6 35.-7, 11 3%-8.2,1 39.-2,3 

41.-1<x<10 43.x<-O0.80rx>5.2 45.x<—2o0rx28 

42-l<x<9 -1 9 49.-14<x<20 
-2 0 2 4 6 8 10 


51.x<-llorx25 


63..x<-35 orx> 
-11 5 


1 


—35 


-12-9 -6 -3 0 3 6 
-5 -4-3 -2-1 0 1 


55.-6<x<0 B72 -S<x<42 -5 43 
a al a 


6-4-2 0 2 4 6 
59.-6<x<1 1 

-8 -6 -4-2 0 2 4 
63.|x—28|<4 65. orange orred 67. green 


61.|x-15|<7 


6.4 MIXED REVIEW (p. 358) 75. E Ee 771.y= ~ox +4 


83. y+5=-2(x-2); y=-2x-1 85.57 mi/h 


TECHNOLOGY ACTIVITY 6.4 (p.359) 1.—7,1 3.—10, 18 
5.—4,64 71.8,6.8 9.—50, —22 


Selected Answers 


6.5 PRACTICE (pp. 363-365) 
5. solution 7. not a solution 


Band 


| 
1 + 
eel 
! 
| 


13. Let x = the number of 2-point shots and y = the number 
of 3-point shots; 2x + 3y 212. 15. solution, not a solution 
17. solution, solution 19. not a solution, not a solution 

21. solution, not a solution 

33. (1 LLP 


43.D 45.E 47C 49.0) ) | | |) 


61. y2-2x+2o0r2x+y22 63.y<2xor2x-y>0 
65.a. 3x + 7y< 21 4 


Number of 
touchdowns 
orN WwW kW 


Sar + Jy <21 
E coe : 
012 ; 45 67% 

Number of field goals 
b. No; only points for which both coordinates are 
nonnegative integers represent solutions, since only a whole 
number of touchdowns or field goals can be scored. The 
real-life solutions are (0, 0), (0, 1), (0, 2), (1, 0), C1, 1), 
(1, 2), (2, 0), (2, 1), (2, 2), (3, 0), (3, 1), (4, 0), (4, 1), (S, 9), 
and (6, 0). 67 a. Let (x, y) represent x cups of cereal and 
y cups of skim milk; the possible solutions are (1, 1), (1, 2), 
(1, 3), C1, 4), (2, 1, (2, 2), (2, 3), (3, 1, (3, 2), (4, 1. 
b. Sample answer: | glass of tomato juice, 2 cups of cereal, 
and 2 or 3 cups of milk _c. The possible solutions are all 
those in part (a) as well as (1, 5), (2, 4), (3, 3), (4, 2), and 
(5, 1). Sample answer: one glass of tomato juice, 3 cups of 
cereal, and 2 cups of milk 


PARR RRR eRe eee Ree eee eee OEE EEE eeeeeeneee® 
i 


d 


6.5 MIXED REVIEW (p.366) 75.19 77 r= . ow 
- 
m 
iv) 
23. |x — 104|< 39 = 
TECHNOLOGY ACTIVITY 6.5 (p. 367) x 
1,5. The lines are not part of the solution. z 
1. 3. ” 
2 
m 
e | 
1 3 2 
83.—5,2 985.1, 5 87.0,-2 89.3,-6.5 91. > 5 
Quiz 2 (p.366) 1.-15,15 2.-22,22 3.-9,3 | Se 
4.-8,12 5.-7,0 6.-3,3 5. 7 
72x<30rx>5 8.-9<x<-5 
a ee -9 -5 
012 3 4 5 6 ——}0-—+0+-++—-++—- : 
—12 -8 —4 0 
9.3<x<21 10. x<-2orx> | —_—_—___—_——-| —————— ; 
: 21 5 13. y>Xx p 7 
hee.) % 
0 8 16 24 : 6 5 —_s 1 i: 
4 0 A 6.6 PRACTICE (pp. 371-373) 5.3,2,2 7.1, —>, no mode Se 
11.-16<x<9 io Seubiiess 9. 11, 13, 13, 15, 16, 17, 18, 20, 20, 22, 25, 27, 27, 28, 31, : 
-16 9 5 33, 34, 37, 38 
— se HO 
Se 1 = : 7 11. 50, 52, 54, 60, 63, 65, 70, 74, 74, 74, 75, 78, 78 


13. solution, solution 14. not a solution, solution 


15. not a solution, solution 16. solution, not a solution 


13.0)1 2345 


24 
79 Key:2|0=20 31,37, 39 


1, 2, 3, 4, 5, 20, 20, 22, 
24, 26, 28, 28, 28, 30, 


ft) 
1 
0, 33, 37, 39, 44, 48, 52, 54, 61, 61, 62, 68, 68, 76, 76, 


76, 77, 79, 80, 81, 82, 84, 86, 87,87 17.7, 7, 10 
19.6,6,6 21.8,7.5,5 and 10 23. 4.19, 3.98, 1.2 


25. 72.8, 66 27. yes; 61 


Selected Answers 


’ 
he 
mo 
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SA17 


SOOO E EEE EE EEE EEE EEE EEEEESEEES 


SELECTED ANSWERS 


SOOO EEE EEESEEEEEEEEEESESESEEEEEEESEEEEEEES 


29. No; the mean salary of the other 99 adults is $25,000. 
The median and mode (both $25,000) are much more 


representative of the “average” salary. 31. Sample answer: 


The median (619) and the mode (619) are both slightly 
more representative than the mean (753) because they are 


closer to more scores in the lower three fourths of the data. 


33. 1| 32425 1-3, 1-24, 1-25, 2-3, 
el aa F-90992, S217, 4a). 
4| 1 814.17 3030 ASG. Aa 14,.4-17, 4-30, 
5 | 10 
a 4-30, 5-10, 6-3, 6-5, 
7/31 6-13, 6-24, 7-31, 
| 8-21, 8-26, 9-12, 
10 |11 17 10-11, 10-17, 11-4, 
11| 411.28 
12] 91528 Key: 12|9=12-9 (Dec. 9) Mel, Na28.12e?, 

12-15, 12-28 

35. 20/44 204.4, 219.3, 221.4, 221.7, 
21 |93 
oh ee 222.6, 225.2, 239.3, 247.8, 
23 |93 257.0, 257.4 
24 |78 
25 170 74 Key: 25 | 70 = 257.0 

37. 300 


39. Sample answers: 

e About half of the 17 top male and female golfers had 
fewer than 40 tournament wins. 

¢ For both males and females, by far the most common 
stem was 3, meaning between 30 and 39 tournament 
wins. 

e There were 4 male and 2 female golfers with 
60 or more tournament wins. 


6.6 MIXED REVIEW (p. 374) 
45.358 47. notasolution 49.A 51.-1 53. + 
55.x 29 57.-8 << x<-2 


0 4 8 12 
59.x <-25 orx>-7 =) 


6.7 PRACTICE (pp. 378-380) 


5.2,4,6 76, 11,16 9.C 11.5,6.5,9 13.4,5,7 


5 85 13 20.5 29 
19. Days of Rainfall 


12 29 38.5 51 75 
21. Movie Attendance 


Selected Answers 


23. Sample answer: 10, 11, 11, 12, 14, 15, 16, 18, 20, 21, 
25, 27, 27, 29, 30, 38 


25. 3.6, 3.8, 4.8, 6.2, 6.7, 7.0, 3]6 8 
TA, 7.7, 84,88 alt 
6|2 7 
7/017 
814 8  Key:8|4=840z 
27. 60, 70, 75, 80, 90, 90, 90, § 4 
135, 140, 260 of tele 
9}0 0 0 
10 
"1 
12 
13/5 
14/0 
26/0 Key: 14|0 = 140 min 


31.0.75 h 33. No. Sample answer: More people travel 
0.5—1 hour; the box represents about 50% of the data, each 
whisker about 25%. 


— 

35 37 41 43 45 
6.7 MIXED REVIEW (p. 381) 39 zat + ines = 1 ie 
= G * 4> ie er’ eet ce 


UL 4-24, -1 43. $10.50/n 
45. solution 47. not a solution 
49. Sample answer: y = 1430x + 64,500 (in thousands) 


Quiz 3 (p.381) 1. 0/5 7 5, 7, 10, 16, 20, 
1/0 6 
ee 23, 24, 25, 29, 
311 27.8 Key:3|/1=31 31, 32, 37, 38 
2.1|2 8 12, 18, 26, 27, 33, 33, 42, 44, 46, 
2|6 7 
a ee 47, 59, 61 
4j2 467 
5|9 
611 Key: 5|9=59 
3.8,9,9and 10 4.37.5, 41, no mode 
5. 8.5, 13, 18 
4 8 12 16 20 24 
—t e+ 
5 8.5 13 18 25 


a 
wo 
S 
fs 
a 
x 
S 


7.9, 40.5, 56 <---> 


5 15 25 35 45 55 65 75 


a 
1 4 8.5 13 20 
9. Mean: 39 
Median: 40 
Mode: 57 


TECHNOLOGY ACTIVITY 6.7 (p. 382) 
1. (least: 4; greatest: 19); 3. (least: 20.1; greatest: 43.4); 
quartiles: 10, 13.5, 18 quartiles: 23.2, 25.7, 38.65 


4 1013.5 18 


CHAPTER 6 REVIEW (pp. 384-386) 


1.x<2 3.x<-15 
— eo e+ TT 
-2 0 2 18-12 -6 0 


5.x> -4 7x<5 9. Sample answer: x is greater than 2 


and less than 5. 11. x is less than or equal to -15 or x is 
greater than 7. 13.-6,16 15.-ll<x<1l 


2 1 
17. 43 Sx533 


23. 72, 74.5,58 and 78 25. Sample answer: The 
temperatures in Tokyo are much higher. The highest 

Paris temperature is only slightly higher than the median 
Tokyo temperature. Only 25% of the Paris temperatures 
are at least 15.3°, while half of the Tokyo temperatures are 
at least 15.85°. 


CUMULATIVE PRACTICE (pp. 390-391) 1.7 3.45 5.6 
6 7-6 
5-1 5 


15.-15t+5¢7 1211b+7 19.5.3y 21.12 23.24 


25.12 27. 4 29.4 31.1 a3.y=ix-2 35. $.50/can 


72-6 9.14.5 11. | | 13. 18 + 3x 


Jar. 4) 


43. undefined 


55. y=-Sx-9 BLY=5xt+3 59.x<2 61.x<-48 


63.x<6 65.x210.1 6274<x<6 69.x<-2orx>18 
71. 16, 12.5,5 73. No. Sample answer: By estimation, you 
have about $25 — 2($10) = $5 left. The actual amount is 
$25 — 2($9.99) = $5.02, which is less than $5.95. 

75. —100 ft/min, 100 ft/min 77. $9.90 79. Sample answer: 
y = 365x + 4896 


CHAPTER 7 


SKILL REVIEW (p.396) 1.21x 2.—36r 3.-d 4. Sy 


4 
5. see 6. Sy 7-1 8.no solution 9. all real numbers 


10. + 11. solution 12.notasolution 13. not a solution 


14. not a solution 


7.1 PRACTICE (pp. 401-403) 3. not a solution 
5.notasolution 7 —(—4) + (—2) = 2; 2(-4) + (-2) =—-10; 
(—4, —2) is not a solution of either equation. 9. (2,—1) 

11. solution 13. notasolution 15.notasolution 17 (4,5) 
19. (3,0) 21.(6,-6) 23.(—3,-5) 25. (-4,—5) 

27.(1,4) 29. (-8,-4) 31.(8,6) 33.(-15,-25 

35. 125,000 mi 37 Sample answer: coastal: y = 0.12t + 46; 
inland: y =—0.12t+ 54 39. Sample answer: 1973 


Selected Answers 


SYAMSNV G4319414S 


SOCCER OEE E EEE EEEEEEEEEE EEE EES EEE 


2) 
ce 
LL 
= 
72) 
Fa 
< 
fa) 
WW 
= 
Oo 
Ld 
ol 
LJ 
” 


7.1 MIXED REVIEW (p.403) 47-3 49.5 51.9 
53.y=-4x4+12 55.y=4x-9 52 y=2x-1 
59. x < 4260 4260 

0 2000 4000 6000 


TECHNOLOGY ACTIVITY 7.1 (p. 404) 1. (—3.5, 2.5) 

3. (—1,-2) 5. The lines are parallel. Since the lines do not 
intersect, the system has no solution. 

7.2 PRACTICE (pp. 408-410) 7 (—2,-3) 9.(1,2) 11. (1, 0) 
> + 15. Sample answer: I would isolate m in the 
second equation because it is easy to do so and the value is 
easy to substitute in the other equation. 17. (6, 2) 

19. (3,8) 21.(2,9) 23.(5,15) 25.(—3,-3) 27 (12, 17) 


29. (168, -108) 31. (4, 1) 33. * -45 


13.(14 


35. The variables are eliminated, leaving a statement that is 
always true. You solved for one variable in one equation 
and substituted for that variable in the same equation; 
Substitute y = —3x + 9 into Equation 2 to get (1, 6) for the 
solution. 37. (100,50) 39.(7,-6) 41. (24,-4) 43.30 
11-in. softballs, 50 12-in. softballs 

45. $3375 in company EFG, $1125 in company PQR 

47. 882 m uphill, 675 m downhill 


7.2 MIXED REVIEW (p. 410) 55.—2x 57 26y 
59.y=2x+4 


61.y=—Sx41 


1 1 
67.x<—5 OFX >55 2 2 


-4 0 4 8 
7.3 PRACTICE (pp. 414-416) 5. Sample answer: Multiply 
either equation by —1, solve for y, then substitute in either 
original equation to solve for x; (3, 1). 7% Sample answer: 
Subtract 2x from each side of the first equation, solve for y, 


then substitute in either original equation to solve for x; 


(3,2). 9.(14,6) 11.(-1,1) 13.(1,1) 15.(1, 1) 
17. (—2,3) 19.(3,2) 21.(2,0) 23.| 13, 3 25. (21, —3) 


27.(8,-1) 29.(50,50) 31.(1,2) 33. (4,3) 35. (2, 1) 


Selected Answers 


37. (2,0) 39.(3,2) 41.(0,4) 43.5 ¢ 45. Let s= speed 
in still air and w = wind speed; s — w = 300, s + w = 450. 
47. 375 mi/h; 75 mi/h 


7.3 MIXED REVIEW (p. 416) 57. y = 3x 59.y=x-1 


61. y= —4x +6 63. solution; not a solution 65. solution; 


nota solution 67 (—3,—2) 69.(10,-2) 71. (3,5) 
Quiz 1 (p.417) 1.(3,-4) 2.(6,8) 3.(0,0) 4.1, 9) 
5.(-1,3) 6.(10,-6) 2(5,1) &(-5,4 
10. 4 CDs; 6 CDs 


7.4 PRACTICE (pp. 421-424) 3. Sample answer: 
Substitution or linear combinations; it would be simple to 
write either variable in terms of the other or to eliminate x 
by multiplying either equation by —1. 

5. Sample answer: Any of the three methods would be 
reasonable; it would be simple to write either variable in 
terms of the other, both would be simple to graph, and y 
could be eliminated by multiplying either equation by —1. 
7. Let x = price per gallon of regular and y = price per 
gallon of premium. 9. regular: $1.19; premium: $1.39 
11. (3,2) 13. Sample answer: Substitution or linear 
combinations; it would be simple to write y in terms of x, 
and y could be eliminated by adding the equations. 

15. Sample answer: Substitution; either variable may be 
easily eliminated using one of the equations. 

17. Sample answer: Linear combinations; no variable has a 
coefficient of 1 or—1. 19.(2,1) 21.(2,-1) 23.(1,-1) 


Pes 


25.(2,-1) 27 (58, 10) 29. (-4,4) 31.(3,0) 33. (4, 2) 
35. (-3, 33) 37. (6,6) 39.(6,-5) 41.(-4,5) 43. (4 0} 
45. (2,6) 47.20 mL of the 5% solution, 40 mL of 

the 2% solution 49.4 children 51. y = 172x + 6200 and 

y =-16x + 6500: (28, 
represents the number of years after 1970 (about 1.6) when 


the demand for low-income housing and the availability 
were equal (about 6,474,500). 53. y=7x+50 55. 1 hat 


o47422), the point of intersection 


4 mi/h and 4 hat 6 mi/h 57 substitution, graphing, linear 


combinations 59. No; solving the system involving any 
two of the equations will produce the desired solution. 
61.7+b=12;r=3b 63.0.75 


7.4 MIXED REVIEW (p. 424) 67. parallel 69. not parallel 


75. 70 out of 100 households 


7.5 PRACTICE (pp. 429-431) 33.ySx+2,ys-x+7,1<y<3 
no solution 9. no solution 


11. exactly one solution, (5, 12) 13. D; no solution 

15. B; infinitely many solutions 17. C; infinitely many 
solutions 19. infinitely many solutions 21. infinitely many 
solutions 23. no solution 25. infinitely many solutions 
27.no solution 29. no solution 31. No; the system of 
equations that describes the situation is 4x + 2y = 99.62, 
12x + 6y = 298.86, which has infinitely many solutions. 


x | 
7.5 MIXED REVIEW (p. 431) 43.A 45.D 47.55 ft/h 39. Sample answers: 4h baby-sitting and 14 h as cashier, 
7.6 PRACTICE (pp. 435-437) 12 h baby-sitting and 6 has cashier 41. a. (0, 0), (0, 2400), 
5.) | fy ae 7. (900, 600), (1050, 0) b. 0; 72,000; 27,000; 10,500 
c. $72,000 


7.6 MIXED REVIEW (p. 438) 45.243 472.137 49.33 
51.49 53.-60 55.9 52.47, 56,57 


Quiz 2 (p.438) 1. length: 8 ft, width: 3 ft 2. no solution 
3. no solution 4. infinitely many solutions 5. exactly one 
9.C 1.B 13.y< ax +2,y2 ax 22 solution, (5,—6) 6. exactly one solution, (0, 1) 

we 7. infinitely many solutions 8.) | | fy # 

py 


15. 
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74 


_ 


27. (0, —5), (0, 11), (6, 5) 29. (0, 0), (-2, 1), (2, 5) 
31.1<x<7,1l<y<6 


Selected Answers 


POCO Meee erro seers ese eT SEES SESE SESS ESSE eSSSSSESSSESS: eerrr ree 
Boao * 


POOP O OEE EEEEEE EE EEEE EEE EEE EEE EEES 


SELECTED ANSWERS 


OS OSOES SEES ESE SEEEEEEEEES EEE ESEEEEEEEEEEEEEES 


CHAPTER 7 REVIEW (pp. 440-442) 


2.(0,3) 9. (3.14) 11. (3 0} 
13. -5,22 15. (3, -5) 


17.(-1, 1) 19. Ferris wheel: 
5 times, roller coaster: 7 times 


2 


= 


. infinitely many solutions 23. exactly one solution, (2, 6) 
2 


ol 


. exactly one solution, | —3 > 65 


CHAPTER 8 


SKILL REVIEW (p.448) 1.67 2.4° 3. (2y)° 4.5 5.5 
6.2 5 8. $8.25/h 9.$.79/cantaloupe 10. $.50/can 


11. 45 mi/gal 


8.1 PRACTICE (pp. 453-455) 5.m> 7.37,or2187 9.x? 11.4 


13. 4°, or 262,144 15.m>? 17.a7b* 19. x!*y?? 


21. (-2)?x?, or-8x? 23.5!" or 48,828,125 25.7% or 
5,764,801 2737+ 77,0r441 29. (-5)°a3, or-125a? 
31. (-4)°, or 4096 33.(5+.x)!8 35.334, or 27b4 37.4x° 
99,=37 = 77 - x or-441z 1.3 - 2? = yor 24y? 

2: 
43.—-r357 45. -(-3)3c3d5,or27c3d> 47.62 - + sgt 


14 9 


9 
orsa" 49. 2340, or—9w! 51. (-x a or —x 


4 
53.—r4s!479 55.@;1 52a°1 59.a°b*;16 61.-(a°b*); -64 
63.> 65.< 67> 69.788.9 71.308.9 73. 333,446,267.9 
75. approximately 113.04a*_ 77.8 tol 79.a. 2°? or 


30 
1,073,741,824 ways b. (3) , or about 0.0000000009 


a1. 314, ae or about 0.0000002 


Selected Answers 


8.1 MIXED REVIEW (p. 455) 87. 10,000 89. * 91. ae 


105. $.07 <p < $.71, where p is the price of a quart of milk 


8.2 PRACTICE (pp. 459-461) 3.4 5. not defined 7. +. 
m 


3 
5 
9. re 11. yes 13. about 26.9 points per game 


vy 17.32 19. 100 21.5 23.1 25.1 22-9 
4 10 
! 314.2 33,2 35. s_ 37. 7 39,-_!_ 
x“y dy 


“lage ee SP 64x3 
1. 43. 8m? 45. -. 47.C. 49. 0.03125 
9x“y 2x 


15 


29 


41. 


51. 0.00352 53.no 55. no 
59. 


Sample answer: Both graphs are 
curves that pass through (0, 1) and 
both increase without limit in one 
direction and get very close to the 
x-axis in the other. 


63. (0, 1); yes; (0, 2) 
65. a. 117; 141; 203; 243; 292 b. 


4 729 
8.2 MIXED REVIEW (p. 461) 71. 35 73. — 1000 
75.-12<x<2 77.-l1<x<7 
-11 7 
-16 -12 -8 -4 0 4 ——_-———————_e—_- 
-8 0 8 


799.4<x<5 -—_,O 
) 2 4 6 


oe (4 3) 8.4 PRACTICE (pp. 473-475) 3.430 5.0.245 7.3.96 X 10 : 
Files ne Ses es Se ee ee a : 
0 8 6 24 32 40 48 2’ 9.1.2X 10? 11.6.9 10° 13.7.2 x 10’ : 
15. approximately 1.97 X 104 sec, or about 5.5 h 17. 0.98 : 
oO oe nen 19. 8652.1 21.0.000006002 23. 100,012,000 25.5 X 10-7 : 
85. (100, 50) 87 (—129, 9) 27,422 X 10° 29.7 « 10° 31. 8.551 x 10° : 
_4 7 5; ° 
TECHNOLOGY ACTIVITY 8.2 (p.462) 7. Sample answer: ee Se A ee 
The graph is close to the negative x-axis and curves 39. 1.5 x 10°; ly 41. 1.6 X 10° 1 6.0 x 10°; : 
upward to the right. 9. Sample answer: The graph is close 6 45.8.1 X 10°; 81,000,000 47. _ x 10°; : 
to the negative x-axis and curves downward to the right. suile ala 49. 1.09926 x 10°; 1,099,260 : 
1 51. 5.76 X 10~®; 0.0000000576 53. 1.2 x 108 ¢ 
8.3 PRACTICE (pp. 466-468) 3.125 5.a°> 72a° 9.5 55. 5.0819 X 10!3 57, about 3.57 < 10!4 mi? : 
1 25 64 x18 59. Louisiana Purchase: $.03/acre; Gadsden Purchase: : 
1.55 13.—> 15.5 = 12—— 19.125 21.-1 e ae 
32 m? 125 x $.53/acre 61. 4.4064 x 10'°m? 63. Answers are rounded = 5 
1 9 81 1 1 to the nearest whole number; TX: 2167; MN: 1522; re 
23.2187 25.->2 27.27 29.-2 31.— 33.—2 35.—> i , ‘ f 
125 25 x4 x? x? PA; 1583; VT: 810; CA: 1806 
6,9 
37. y2 39. 1. 1. = 43. 5x>y> 45. a - 8.4 MIXED REVIEW (p. 475) 67.0.22 69. 0.0007 
; 256y 71.0.005 73.2.55 75. (1, 4) 
47. — 49. Boe 6°-!=6?=36 51. The volume of 
4x y 6 
Earth is about 64 times the volume of the Moon. 
53. 1. we 55. about 3 times 57. : 5 Or about 0.8 
1.26 3 1.13 


6 
59. a. 200; 160; 128; 102; 82; 66; 52 61. (3) = 0.02 


5) 
; 81. 1000 83. 75 
8.3 MIXED REVIEW (p. 469) 67. 100,000 69.——~ 
wae? 10,000 8.5 PRACTICE (pp. 480-482) 5.B 7. $2231.39 9. $4489.99 


71. 11. $379.25 13. $505.67 15. $325.40 


17. about 46.3 L/min; about 86.5 L/min 19.A 
21. P = 10,000(1.25) 
y 
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Sample answer: I would 
base my choice on how 
long I thought I would 
own the business (and 
how realistic I thought 
the continued annual 
increase was). The 
ew % i sae mi 10* profits for the business 
in Ex. 22 started higher 
than those for the other business and would remain higher 
for 16 years. After that, the profits of the other business 


Profit (thousands) 


79. solution 81. solution 83. (8,4) 85. (4, 3) 


Quiz 1 (p.463) 1.2187 2.256 3. 10,000 4. 1 would increase more rapidly and be much higher. For 
; 7 i 6A 2401 example, after 20 years the profits would be more than 3 
5. 16.384 6. 6 7. 3105 8.2187 9. 5 10.—128 11.64 $100,000 greater. 25.B 
12.4 13.x° 14.-32x° 15.-3a> 16.c> 12x? 18.x 8.5 MIXED REVIEW (p. 482) 33. 176.25 35.260 37.0.96 
46) Lene ee ee ee 39,18 41, -0.29999952 43. 0.41405 45.2.4 47.3 
nN 
24. $145.87; $214.33; $250 8.6 PRACTICE (pp. 488-490) 5. $5137 72$3770 9.C 
11.$5450 13.$2845 15.B 17 exponential growth; 
1.18; 18% 19. exponential growth; 2 25% 


2 


21. exponential decay; 5 


;60% 23.160mg 25. 246 mg 


Selected Answers 


TT Ree ee REE EEE H THEE REE HEHE EEE EES 
sta) 


POCO SHOOT E SHEE EE EEEEEEEEEEE SEES EEES 


SELECTED ANSWERS 


ee eeeeeeoee 


. eee 


OOOO SEES EEEE SEE SEES EES EO EO EEE EEEEEEEEE EES 


t 
21 N= 64(+) 31. M = 302(0.9)! 


8.6 MIXED REVIEW (p. 490) 41.20 43.7 45.-1.3 47.2.4 


Quiz 2 (p.491) 1. 1.1205 x 107? 2. 1.4 x 108 

3.6.7 X 10° 4. 3.072 x 10!° 5.4820 6.5,000,000,000 
7.0.00000704 8.0.01112 9. y =50(1.05)'; about $70 

10. y = 20,000(0.85)'; about $8874 


TECHNOLOGY ACTIVITY 8.6 (p. 492) 
1. y = 1.0339(1.6293)* 


CHAPTER 8 REVIEW (pp. 494-496) 1. 2”, or 512 
3.33 - 27 a>, or 108a> 


6 
5.5/:128 25°t?; 576 9 1.32 13.25 16.1 
y 


531,441 


1 16 


— 10 6 - 3p 3 
21.575 23. Q7 25. a 27.m° 29.—27a~b 
31.-24a*b* 33. ee ~0.46 35. 768,000 37. 0.0002 


39.6.79 X 10+ 41.7.52 X 107 43. w = 2(1.05)* 
45. e = 125(0.97)* 


CHAPTER 9 
SKILL REVIEW (p.502) 1.-60 2.12 3.44 4.2 


8. notasolution 9. solution 
10. solution 


Selected Answers 


9.1 PRACTICE (pp.507-509) 9.0.9 11.43 13.3,7 
15.—2,2 17.-1.2,1.2 19. about 1.7 sec 21. about 3.5 sec 
23.—7,7 25.no square roots 2720 29.-—0.3, 0.3 

31.-13 33.3.61 35.0.2 32-0.32 39.3 41. undefined 
43. V109 45.-2.27,4.27 47.-1.33,2.13 49.-11.24, 
—2.76 51.—1.80,5.13 53.—1.34,-0.99 55.—8, 8 
57.—4,4 59.no solution 61.—3,3 63.—4,4 

65. no solution 67.—3,3 69.—3.87, 3.87 71.—2.65, 2.65 
73. no solution 75. —2.83,2.83 77-1.41, 1.41 
79.h=-16t7 +60 81.V3.75 ~1.94 sec 83.3 sec 

85.5 sec 872003 89.0.40mm 91.0.15 mm 

93. 0.12 mm 


9.1 MIXED REVIEW (p.510) 101.11 103.2? x 3 

105. (—1,—2) 107. (—48, 14) 109. (—4, -19) 

111. 1225 student tickets, 1117 general admission tickets 
9.2 PRACTICE (pp. 514-515) 5. A 72C 9. Sample answer: 
The factor 5 cannot be taken outside the radicand. The first 
step should be V50 =V25 - 2. Then, by the product 
property, this equals V25 - V2 ,or5V2. 11.3V3 


13.5V3_ 15.5V5 17.4V5 19.V6 21.4V3 a3, VIL 


25.2V5 27.3V3 ag 31, 03 33. 8V5 2 


37.2 go, 43. 41. V30 43.18V7 45.-18 47-3 


-2V5, VIS 
5 


49. 7 = 1.94 m2 55. 70V2 m/sec 


1, 
51. 7 0.25 53. 


9.2 MIXED REVIEW (p.516) 
65. [Tt] 


5 3 
69.58: 256 71.2 73,2— 


5 7 75. (1.3)* ~ 2.86 
Xx 


9.3 PRACTICE (pp.521-523) 5.up;x=-2 Z2up;x= -$ 


9. up; x= 4 11. (0, 0) 


13. (0, 10) 15. (3, -1) 
(0, 10), 


65.5 ft 67 70 ft 69. 1980 to 1984 71. The vertex is the 
point at which the graph changes direction, that is, when 
the values of G stop decreasing and begin increasing. 

73. about 0.21 sec 


Pee eesscececceccecescsesesssccccescscees 


17. (-4 13) 19. (2, —5) 


peenes 
‘i 


9.3 MIXED REVIEW (p. 524) 
83. y=-2x +6 


steteeeeees 


= Jl. gt ao 
c.x=4 39.a.up v (ds Bah] x= —53 


41.a.up b.(2.56,-13.1) c.x=2.56 43.a.down 
b. (—0.35, 3.885) oe. x =-0.35 
45. (0, 0) 47. (-2, -5) 


21.a.up b. (0,0) c.x=0 23.a.up b. (0,0) e x=0 7) 
25. a. down b. (0,0) ¢.x=0 27a. down b. (0,0) c.x=0 pu. 
1 1 1 m 

29.a.up b.{25,-12>5] e.x=2> 31.a. down i?) 
P 2 2 4 
oe 3 a Gg 

b. B35 ex= 5 33.a.up b.(-1,2) «x=-1l 0 
> 

35. a. up ». (13-143) e.x=13 37a.down b. (4,48) A 
= 

m 

e | 

” 


89. 3°, or 729 91.a° 93.216x? 95.—27a°h® 
97.9.87 X 10° 99. 1.229 x 10? 101. 9.99 x 1073 


Quiz 1 (p.524) 1.12 2.-14 3.-26 4.-5.20 5.2.45 
6.1.22 720.4 8.1.5 9.-13,13 10.—4,4 


1.-V10, V10 12.-2V2,2V2 13.3V2 14.10 15.11 


16, 1 17. up; (-1,-12);x=-1 18. up; (2,-14);x=2 
19. up; (-1,—13);x=—1 20. up; (-s,-154}:r=-s 


21. up; (3 st}: x= $ 22. up; (44, 204}: x=-4, 


Selected Answers 


re eee rr) 


SELECTED ANSWERS 


TECHNOLOGY ACTIVITY 9.3 (p.525) 
1. y =5.25x7 + 67.21x — 81.46 


9.4 PRACTICE (pp. 529-530) 7 —2,2 9.—3,3 11.-3,3 
13.-3,3 15.-2,-1 12-4,5 19.-4.2,0.2 21.-4,4 
23.-5,5 25.-12,12 2272-5,5 29.-4,4 31.-9,9 
33.-2,3 35.-1,2 32-3,1 39.-1,5 41.-7,3 
43.—2,-1 45.-1,4 47 -1.17,0.17 49.-8, 4 

51. 69.19 ft; the distance was greater than that for an initial 
angle of 65°, but less than that for an initial angle of 35°. 
53. 55. 1994 


i) w & 
S S Sz 
S S S 


RVs sold (thousands) 
S 
ice 


0 
0123 45 67 8 9Ft 
Years since 1985 


2.2, one solution 
2? 4 ? 

67. infinitely many solutions 69. no solution 
71.-1.17,6.17 73.-1.47,7.47 75.2V10 77.2V15 


79. 2V5 81.5 2 83. pasta dishes: $5.95, salads: $1.95 


9.4 MIXED REVIEW (p.531) 65. (- 


TECHNOLOGY ACTIVITY 9.4 (p.532) 
1.0.26, 6.41 3.0.21,4.79 5.1.71,2 73.04, 6.40 


9.5 PRACTICE (pp. 536-537) 5.5,-3 7.0.5, 1.5 
9.-3 +2V3,-3-2V3 11. ax? + 6x-2=0:-1,4 


13. 2x2 — 14x —36=0;-2,9 15.424 4x4 1=0;-0.5 


17.-2,-8 19, 27343 =3B+3V5 qo gD 4.10 
20% ae. 


a5 


21. = 0.12, =—-2.12 23.25 25.1 271 


29.21 31.39 33.-10,-1 35.—4,2 


3° 
a a1+V22 ~-0.26, a1 ni 
oy 2 ic eee 1-28 0.55 
ee ee 
43, 240177 -4.58, aaron ~ 2.08 


Selected Answers 


47, 6x2 +5x—1=0;-1, ‘ 


51.5c7-9c+4= 4 


45.x* —3x+2=0; 1,2 
49.227 5z-7=0;-1,4 
53.4,-2 55.-2,3 57.—2.56, 1.56 59. 1,5 


61. —0.62, 1.62 63-69 odd: Sample answers are given. 
All the equations can be solved using the quadratic formula. 


63. 4V2 ~ 5.66, -4V2 ~-5.66; finding square roots; 


simplest method 65. at finding square roots; 


2° 2? 
simplest method 67 —9; finding square roots; 


the expression on Be left can be written (h + 9). 


69. ms Lvs #054. a = —0.21; quadratic formula; 
when written in ae? form, the expression cannot be 
written as a perfect square. 71.2.30 sec 73. 2.21 sec 
75. 1.31 sec 771.37 sec 79.5.70 sec 81. 0.44 sec 

83. 0.79 sec 


9.5 MIXED REVIEW (p. 538) 
87.25 89.—-48 91. +++ 
0 12 3 4 5 6 


95.x<-lI5orx25 


—20-15-10-5 O 5 10 


103. about 3.84 X 104 people; about 1.17 x 10° people 


TECHNOLOGY ACTIVITY 9.5 (p.539) 1.-6,5 3.—2 
5.no solution 7-—2.4,1 9.-6.35,—2.16 


9.6 PRACTICE (pp. 544-545) 3.—56; no real solution 5. 65; 
two solutions 7A 9. two solutions 11. two solutions 

13. no real solution 15. one x-intercept; B17. no 
x-intercept; A 19. two solutions 21. The equation has two 
solutions for all values of c less than 4, one solution for 

c =4, and no real solution for all values of c greater than 4. 


23. The equation has two solutions for all values of c less 9. | 1. ae 


than iF, one solution for c = IZ, and no real solution for 


all values of c greater than 1g. 


25. Yes; no; Sample answer: Because the discriminant for 
you is positive, your equation has two solutions; because 
the discriminant for your friend is negative, your friend’s 
equation has no real solution. That is, there is no time 
when your friend’s jump height will be 3.4 ft. 

27. Sample answer: The payroll will reach $80 billion if the 
discriminant of the equation 2617 + 16291 — 60,042 = 0 is 
nonnegative; since the discriminant is 8,898,009, the 
payroll will reach that amount. 29. yes 


| 
i 
“f 
J 
I 
/ 


\ 
\ 
= 
}__ 
\ 
\ 


17.C 19.E 21.D 


SRR ORTH EEE E HEHE OHO E EEE E THEE E SEES 


= 


ee 


9.6 MIXED REVIEW (p. 546) 


sees or 


39.x<-45 41.x< 12 


” 
m 
é 
m 
: : 
43. aE Ss ft 35. 13; for every m 
value of x, the value 4 
of y (that is, the cost > 
of the diamond) is ” 
lower for that grade = 
than for either of a 

the others. 

47. Modem Prices 
—2000 —1200 —400 4 400 1200 2000 x 
A ; 
140 160 180 200 220 240 37.A; VS2 
150 170 200 217.5 230 9.7 MIXED REVIEW (p. 553) 


Quiz 2 (p.547) 1.-2,5 2.6 3.-3,-1 4.-3 Bia 


66.05 G98 915 3 3, 15 9.1, -0.6 

10. two solutions 11. one solution 12. no real solution 
13. Yes; Sample answer: The discriminant of the equation 
—1617 + 50t + 6 = 45 is positive, so the equation has 


two real solutions, meaning that the ball would reach a 
height of 45 ft. 


9.7 PRACTICE (pp. 551-552) 5. (1, —2) is not a solution; 
(0,0)isasolution 2 | | Tl 


x 


Selected Answers SA27 


pee eeeseencscrarrscrcrrcccrsseeeeeeeeeseaesessaneres 


POOP OO OEE E HEHEHE HEEE EEE EEEEESEEES 


ee or eee LU 
ao = 


63.1,2 65. 


67. 22V10 9 ~ 0.58, 


= —2.58 

9.8 PRACTICE (pp. 557-559) 3. quadratic 5. linear 
7. Quadratic; the graph is a curve but the ratios of 
consecutive y-coordinates are not the same. 


SELECTED ANSWERS 


quadratic exponential 
13. exponential 15. quadratic 


linear 19. linear; B = 0.43w 


eeeeee 


eeeeeeeee 


. Attendance | Change in A from 
t A previous year 
12,580,660 — 
12,338,980 —241,680 
12,781,160 442,180 
13,907,200 1,126,040 
15,717,100 1,809,900 


23. y=—-2x+9;-2 25. (4,1) 


Selected Answers 


OOOO OSES EEE ESTEE SEE SEES EOEO EEE ESEEEEEEE SEES 


9.8 MIXED REVIEW (p.560) 33.—3, x 35.—5, —8x 
37.-Sy* 39.2r? 41.-y? 43.0.73 45.-0.41 


an y=3x-11 49.y=—4x44 


Quiz 3 (p.560) 1.notasolution 2. solution 3. solution 
4. solution 5.B 6.C 7A 


-14 


quadratic 


linear; y = 3.72x + 3.16 
CHAPTER 9 REVIEW (pp. 562-564) 
1.-12,12 3.0 5.-5,5 23V5 9.3 


exponential; y = 5(1.5)* 


15.—3,5 17-6,4 19. -3, 2 21. one solution 


23. no real solution 25. 


quadratic exponential 


CUMULATIVE PRACTICE (pp. 568-569) 1. Yes; no input 
value has two different output values. 3. Yes; no input 


value has two eas output values. 5. = = 22%; 2 to7 
7. Sample equation: == E> =<, 14in. 9.4 a 2 13.6 


15. 2x—6y=-4 17.5,7,8 19.4, 4,8 z.(14,-34) 
23. (-5,—3) 25. (6.8, -3.7) 


31. a a3, 1° 935, 94! 
y 


37. 5x°y* 39.4.2 x 10°°= 


10 


0.000000042 41. 2.92 x 107!* = 0.00000000000292 
43. 2.1952 X 10-> = 0.000021952 45.B 472A 
a a 53. V3 55.15 59.-9,-1 


Sn as 3.19, al 


49. 


= 0.52 


63. 1, . 65. $10.31; aan 67. No; the discriminant of the 
equation —16t7 + 100t = 180 is negative, so the equation 
has no real solution. That is, there is no time ¢ at which the 
flare will reach a height of 180 ft. 


CHAPTER 10 


SKILL REVIEW (p.574) 1. 3x? + 18x 2.14-—28x 
3.-4x-20 4.-64+4 16x ee 6 6.2x+3 2-2x-4 
8.x7—-x 9.x! 10.x!% 11.-8a°d? 12. 9x4y ogo 256: 
no real solution 14. jogs two solutions 15. 0; one solution 


10.1 PRACTICE (pp. 579-581) 7. linear, binomial 

9. cubic, trinomial 11. constant, monomial 13. Ay* = Fe =2 
15.—4x7+9x+4 12-x7—x-—16 19. -3; linear, binomial 
21. 1; cubic, polynomial 23.—6; constant, monomial 25. 5; 
quartic, trinomial 27.—4; quartic, polynomial 29. —16; 
cubic, monomial 31.—6x* + 3x7+4 33.-7m7+7m-3 
35.-6 37. 8y?+6y*—3y-3 39.3x7-5 41x74] 
43.2n?+3n—5 45. 10b4*-3b3- 13b7 + 20b-4 
47.25x?-4x +14 49.x74+2x4+2 51.-3x74+6 


53.973 8724 10z 55.-19t+2 52x teade ty? _9 


59. 9x4 — 3x3 — 7x7 + 6x-17 61.-0.7y? + 6.9y7- 
3.9y+10.4 63. 1.5x7 + 60x 65. F = 1223.58t + 79,589.03 
67. A = 1.381t? + 3.494 + 235.325 69. From top to 
bottom the models are A, E, and N. 


10.1 MIXED REVIEW (p.582) 73.—3x-—5 75. 8x+ 24 
77.3+4x 79. Sample answer: y =—-1.42x+ 7.35 81. oh. 


65,536 83. (1.17)(3.37); 47.83 85. 2.9: 8,629,188.75 


TECHNOLOGY ACTIVITY 10.1 (p. 583) 
1. correct 3.3x7—9x 5.—2x7+14x4+4 26x74 12x-1 


10.2 PRACTICE (pp. 587-588) 
5. 8x74 14x43 x x x x 1 


SPREE TETHER H HEHE EHO H EEE E EEE EE OES 


= 


x 
ee 


1 
1 


7. 2x(4x) + 2x(1) + 3(4x) + 3(1) = 8x7 + 2x + 12x43 = 
8x74 14x+3 9.-8x7-14x 11.-y?- 10y- 16 

13. x7 +15x+54 15.-2b7-10b4+48 17 15w?-3w?- 
A5w+9 49, 21¢7= 37° —97" 21.-6y? =5y* 23.-6b7 + 
166°= 11h? 95.607 411d 43 2735? 4 Se" =39=2 
29.x°—38x—-12 31.6z7+25z+ 14 33. 2w* + Sw 25 


35.10t7+9r-9 37.4x7-31x-8 39.99w7?-2w-80 


41. 68.62y7— 151.91y + 62.22 43. 4n oo 


45. 2.527 + 4.65z— 26.23 47.453 — 1557 + 39- 
49. 2x?-—11x-6 51.-x?- 13x7-40x+ 14 
53. 3x7 + va —10 55.300 57. The revenue decreases 


2 
from $989.12 million to $678.08 million. 59. Sample 


answer: As time goes on, the revenue will increase 
because the value of the model 1.512517 + 156.1846r + 
3066.344 will increase as f increases. 
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10.2 MIXED REVIEW (p.589) 63. jm? 65. 0.25w? 
67. 4°, or 65,536 69.256c® 71.-w!? 73. 512x°y*4 
75. one solution 77. two solutions 79. two solutions 


Selected Answers 


POCO O OOOOH EE HEEEEEEEEEEE EEE EES 


SELECTED ANSWERS 


seneececccescces 


eas 


POSSESS SEES EE EEEEEEEEESESEEEEEEEEEEEEEEEE 


10.3 PRACTICE (pp. 593-594) 
Go ge te det A Dy? a 121 gay? 12p 49 


x 


F 
’ 

11.17-36 13.4y2-25 15.x7-9 12.4m?-4 

19.9-4x? 21.%7410x+25 23.9174 6r+1 

95. 16b?=—24b+9 27%x°=16 29.9%7=1 31.a7=—Ab? 

33. 9y? + 48y +64 38.4x?—4 37957-1617 39. true 

41. true 43.884 45.256 47. (x+3)*,x*+ 6x49; 

square of a binomial 49. (0.5C + 0.5c)? = 

0.25C? +0.5Cc + 0.25c? 51. (0.5F + 0.5f)? = 

0.25F* + 0.5Ff+0.25f? 53. P(1—r)(1+r)=P(1—r?) 

55. a decrease of Pr? dollars 


3 3 
10.3 MIXED REVIEW (p.594) 63. rea 65. ot 67. 9x7 
y 
S47 \*: 3 . . 
69. (-3, 42); x=-] 71. (2, 20); x =2 73. (6, 14); x =6 


75.-4,4 7272-5,5 79.-3,3 81. Yes; Sample answer: Let 
x be the length of the rectangle and y be the width. Then 

2x + 2y = 52 and xy = 148.75. Substituting, «(26 — x) = 
148.75, which is equivalent to x? — 26x + 148.75 = 0. Since 
the discriminant of the equation is 81, the equation has two 
solutions. The rectangle is 17.5 by 8.5. 


Quiz 1 (p.596) 1.3x74+5x+9 2.-6x>-14x74+2x-2 
3.3¢° =13¢ 4 14. 4. 6x7 =5x7 44243 5. x74 7x=8 


6.16n*—49 7.-2x345x7-6x+8 8.27m*—3m-4 


9. sx? e218 AeA eT 3" ng? = 36 


12. 16x7-9 13.25-9b? 14. 4x?-49y? 
15. 9x7 + 36x +36 16.36 + 96x + 64x7 
17, ‘Bin. (2x — 16) = 
Sin (4x2 — 64x + 256) in 


2x 


10.4 PRACTICE (pp. 600-601) 9.no 11. yes 13.3,5 


15. —9, 2 1 19.—4,-1 21.-8,6 23.9,-8 


4 


25.2,-1 27.7,5 29.-9 31.5.6 33.5 35.-4 


3 5 4 1 3. 2 
37. -3,5 39. 7; 3,3 41.1.9,-2.1 43.5 


8’ 50° 9 


Selected Answers 


53. Use the distance between 
the x-intercepts at (—500, 0) 
and (500, 0). 


55. 600 ft 57.1200 m 


10.4 MIXED REVIEW (p. 602) 


61. 210,000 63. 857,000,000 65. 0.00371 67. 0.000722 


69.x7-9x4+ 14 71.x74+x-20 73.x7 + 4x-% 


75. 6x? +19x—7 77.24x?-x-3 79.x7+20x+ 100 

81. Exponential decay; let P be the price in 1996, f the 
number of years since 1996, and y the price after f years; 

y = P(0.84). 83. Exponential decay; let n be the number 
of members in 1996, ¢ the number of years since 1996, and 
y the number of members after f years; y = n(0.97)'. 


10.5 PRACTICE (pp. 607-608) 5.D 7B 9. The equation 
can be solved by factoring because the discriminant, 0, is a 
perfect square. 11. The equation cannot be solved by 
factoring because the discriminant, 40, is not a perfect 
square. 13.B 15.(x+9)x-1) 12 (b+ 8)(b-3) 

19. (y—6)(y+ 3) 21.(m—10)(m+3) 23. (11-s5)(4-s) 
25. (x — 15)(x-30) 227-2,-5 29.2,7 31.-1,-15 
33.-13,5 35.3,17 32-7,4 39.-9,10 41.2,9 

43. yes; (y+ 15)(y+4) 45.no 47no 49.-15,7 

51. —32, —-20 53. Sample answer: x? + 1lx+30=0 

55. Sample answer: x*-427x=0 5218 0r—1 59.x-9 
61.x7—x< 20 63. platform: 95 m by 95 m; building: 

57 m by 57m 


10.5 MIXED REVIEW (p.609) 73.1 75.7 77.18 
79. y* + 5y-36 81.60+3w-3w- 
1 


83. 2b4 + 4b>—6b2—20b 85. 36z7 + 4z ts 


3 
95. 7) 


10.6 PRACTICE (pp. 614-616) 5.B 2A 9. (2x+1)(x-2) 
11. cannot be factored 13. —8, + 15.A 172A 

19. (6b + 1)(b—2) 21.(5w+1)(w—-2) 23. (2y—5)(3y +2) 
25. (3c-—4)(c—11) 22 (7y-4)Qy—1) 29. (2t+ 7)(3r- 10) 
31. (c+ 10)(2z-1) 33.-25,7 38.-11,-5 32-1,95 


1 nad 5 
2 43.—15, Iz 45. — 


A, ll 1 3 ,1 1 
47. -l9; 65 49.5 51. —> 0 53. > I> 55. —2, 25 


87.-12,-7 89.19 91.9,6 93. 1-5 


1 2 
39. —8, =l5 41. 3 4 


2-43 —23—V2089 —23 + V2089 8 
57. “7 Ig 59. —34.~O 74.” 61. 33° 2 
63. aS 65. 3 sec; t = 0.125 is not a reasonable solution 


17° 7 
because at that time the acrobat is still rising. 
67. 2.5x7=9000 69.x*—x-12=0; explanations will vary. 
71. 6x7 +x-1=0; explanations will vary. 


10.6 MIXED REVIEW (p.617) 79. (—2, 3) 81. (40, 40) 
83. notasolution 85.b7—81 87 4a7—49 
89. 10,000 + 5400x + 729? 


3 7 
Quiz 2 (p.617) 1.-5 2.5,4 3.-5, a5 


1 3. 25 
6.4,-7,-1 72-2, > (-3, 35) 


10.(y +4)(y—1) 11. (w+2)(w4 IL) 12. (n+ 19)(n— 3) 
13. (x+6)(x+11) 14. (t—43)(¢4+ 2) 15.(9—z)(-5 +z) 
16. (4b +9)(3b—11) 12 (t+ 29)(2t+5) 

18. 2(3d —2)(3d—7) 19.-6,1 20.-25,-1 21.2,9 


17 7 2 49 
22. = . 23.—-37,2 24. —9> -8 25. 39-3 26. 92 
si a ae 


CONCEPT ACTIVITY 10.7 (p. 618) 
1.(x+2) 3.(2x+1) 5.a+b;a+b; (a+b)? 
7.(4x+7)Y 9.(a—b); (a—b); (a—b)?* 


10.7 PRACTICE (pp. 622-623) 7. (t+5)? 9.(4+1t)(4-1) 
11. 2(3+z)(3-—z) 13.-12,12 15.-5,5 173 

19. (10x + 11)(10x-11) 21. 60(y + 3)(y - 3) 
23.2(7+t)(7-t) 25. (3t—2q)(3t+2q) 27. (x+4)* 
29.(y+15)* 31.(3x+1)? 33.(5n—2)? 35. 2(3x+ 1)? 


37. —4(2w + 5)" 39. (z +5)(z—5); difference of two squares 


41. 4(n + 3)(n — 3); difference of two squares 
43. 4(b — 5)?; perfect square trinomial 45.—2(x — 13)?; 
perfect square trinomial 47. (x + 100w)(x — 100w); 


difference of two squares 49. |x + + ; perfect square 


é : 2 2 3 3 5 
trinomial 51.—6, 6 : —395 55. a9 57.9 59. 6 
61. i 63. 1.5 in. 65. 3 Sec 67. yes; Tsec 69. 32 ft/sec 


10.7 MIXED REVIEW (p.624) 75.15 722 
79. not a solution 81. solution 83. (—2,—-6) 85. (—4, 1) 


87.5V3 89.18 91.4V2 93.-6V3 95. 2,6 


10.8 PRACTICE (pp. 629-631) 7. 3x7(2+x*) 9. no; 
x(7x7—11) 11. no; 3wGBw+4)Bw-4) 13.-5,—6; 
Sample answer: factoring 15. 6v(v2 — 3) 17. 3x(1 — 3x) 


19. 2a*(2a7+4a—1) 21.6x7(4x+3) 23. 2y(y-6)(y + 1) 


25.—7m(m—3)(m—1) 27. 4t(t + 6)(t— 6) 

29. (c?—12)(c +1) 31.(b*>-4)(6b +5) 

33. (a+ 6)(a+2)(a—2) 35.3(m?—2)(m—5) 

37. -3, —4; Sample answer: factoring 39.—13, 9; Sample 
answer: factoring 41.—3, 9; Sample answer: factoring 


=V593 


43. 0, —4, 4; Sample answer: factoring 45. 0, - 5) ; 


ate: factoring and quadratic formula 


-9-V305 -9 + V305 
16 : 16 

—3-V457_ -3 + V457 
8 : 8 


47. ; quadratic formula 


49. 0, ; factoring and quadratic 


formula 51.3 sec 55.L=h-3,w=h-9 52L=9in., 
w=3in.,,h=12in. 59.(3x+7)(x +2) 


10.8 MIXED REVIEW (p. 632) 


69.x <-16 71,.x2-7 
>| +S 
-16 -8 0 -8 -6 -4 -2 0 2 


73.—2,12 75.no solution 77. -3,3 
31 
81. 3 134.78% 


QUIZ 3 (p.632) 1. (7x + 8)(7x — 8); difference of two squares 


2. (11 + 3x)(11 — 3x); difference of two squares 
3.(2t+ Sirs perfect square trinomial 
4. 2(6 + 5y)(6 — 5y); difference of two squares 


5. (3y + 7)’; perfect square trinomial 6. 3(n — 6)"; perfect 


square trinomial 7-8,8 8.-4 9. mls 10.4 11. 


3 7373 


12-4 13.3x%r44) 14. 3x(QQx+1) 15. 9x5(2x-1) 
16. 2x(4x4 +2x-—1) 17 2x(x- 1)(x-2) 
18. 3x(4x —5)(4x+5) 19. (x7 +4)(x+3) 20.0,- 
5. 
E 3 ’ 
22.2; graphing 23.0, about 0.77, about 2.26; quadratic 
formula 24. 0, —3, 4; factoring 25. 0, about —7.15, 
about —0.35; quadratic formula 


3 3. 
2° 2? 
factoring special products 21. —3 


CHAPTER 10 REVIEW (pp. 634-636) 1. 2x7 + 5x +7 
3.x2 4 2x2 42x-2 5.-8x44 12x? 2474 14x 4 33 
9. 2x34 11x2-5x—-50 11.x2-225 13.x74+4x4+4 


15.—-1,-10 12-9 19.9,12 21.-13 23. (2x-—3)(x+4) 


25. (2x —3)(2x-3) 27 -3 29. —2x3(x + 2)(x — 1) 
31. (x7 +. 5)(3x + 1) 


Selected Answers 


factoring ax? + bx +c 
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CHAPTER 11 


ft 345 A 
SKILL REVIEW (p. 642) 1. 2 2. 1s 3.-— as, 4. log 5. 
6-21 73x45 a. “+ 9.-9,9 10. 1,15 1.-1,4 


11.1 PRACTICE (pp. 646-647) 9.2 11.45 13.=2,3 


15. Other proportions include: 
height of actual statue __ length of actual statue 
height of model length of model 


’ 


height of model 
height of actual statue ~ 


length of model 
length of actual statue’ 
length of actual statue 
height of actual statue = 


length of model 
height of model ° 


5 1 1 4 
17.3 19. 58 21.25 23. —10 25.-15 27.27 29. 2 


31.2,5 33.4 35.6 37 1g 39. 1 41. 22 in. 


3 
43. Sample answer: By rewriting | ft as 12 in., you can set 
1. 
th rti 16 _ tiny that all the unit 
up the proportion —5——— = 795 in,- Now that all the units 


are the same, you can use the cross product property. This 
gives 12 in. = 12 in., which shows that the proportion is 
correct. 45. food: about 16; clothes, accessories: about 4; 
books, magazines, comics: about 3; toys, stickers, games: 
about 3; movie tickets: about 3; arcade games: about 3; 
gifts: about 3; movie rentals: about 3; music: about 2; 
footwear: about 2; grooming products: about 2 

47. about 4771 

11.1 MIXED REVIEW (p.648) 51.—8,8 53. —2V3, 2V3 
55. no square roots 57. — 59.3V2 61.4V5 63.54 


65. V7 

11.2 PRACTICE (pp. 652-654) 5.175% 7248 9.$.36; 

Sample answer: The — for the two methods are 
_6- 

a= 0.06(5.99) and =~ 5. 0 00° Notice that the right side 


of the second equation is the rate expressed as a fraction 
instead of a decimal. Both methods involve multiplying the 
base by the rate. 11.A 13.20 15.30% 17 30.8 ft 


19.84 ft 21.50 23.150 g 25.65.6 tons 27 865%, ot 
about 86.1% 29.480% 31. 865%, or about 86.7%; 


55 


135%, or about 13.3% 33. about 248 people 


35. about 1113 people 37.18% 39. about 420 students 
41. yes; no 43. about 395 people 45. No; the price is $56 
at the first store and $57.60 at the second. 47. $13.80; the 
total cost of the ride 


11.2 MIXED REVIEW (p.655) 53. y= 2x 55. y= sx 


57. y= sy 59. solution 61. solution 63. (x + 7)(x—- 2) 


65. (5x—6)(x—9) 67 2x(3x+8) 69. 3x(x + 2)(x+5) 
71. 5x (3x + 2)(x — 4) 


Selected Answers 


11.3 PRACTICE (pp.659-660) 7. neither 9. inverse variation 
n.y=3 13.y=4x 15. y=3x y=5r 19. y= 2x 


2a1.y=-0 ae 2. y= an y= 29. y= 92 
31. yal 33. 4, 2, <1 inversely 


35. 3, 6,9, 12 directly 


37. direct variation; y=5x 39. inverse variation 


41. aa 43.116 1b 45. r= 


47. 56 = gal/mi ~ 0.04 gal/mi 49. Neither; the equation 
cannot be written either in the form g = km or g = f for 


any constant k. 


11.3 MIXED REVIEW (p.661) 55. 2 57. * 59. 2 61. y° 
2 
63. — 65. —5, linear, binomial 67. —1, cubic, binomial 
x 
Quiz 1 (p.662) 1.8 2. ab 3.4 4.3, 1 sya 
6. y= ie y= 48 8. about 904 people 
9. about 204 people 
TECHNOLOGY ACTIVITY 11.3 (p. 663) 
1. directly; 0.825; y = 0.825x 
11.4 PRACTICE (pp. 667-668) 5.5 2C a5 11. + 
6-x 7 1 1 x-4 
13. 3x Lars bi ae 19. 3— 21.53 
x+1 x 1 
23.°—= 25.8 27.-3,3 29.-6,1 31.27 55¢ 
x-y IGS 
33. —- 37. R 
25 1 
11.4 MIXED REVIEW (p. 669) 43. 2 45. ST 47.4m 
a9, -8¢- 


57. y = 2500(0.92)*; 2116; 1947; 1791; 1648; 1516 


2(x + 1) 3x 2x+5 
11.5 PRACTICE (pp. 673-674) 5.3 —" 2 9. =Z 
1 
1.x(3x+1) 13.x 15.8 1713x 19. @+3)(Qx+3) 
5 x+6 1 x+1 
21. Gc 23.15 25.— 5x2 27. @+4 (x43) 29. — 5x2 
1 _ (3150 —4007)(10 — t) 
31. 3x 33.3x(x+2) 35.A= (1 —0.124\(111 — 122) 
32.258 mi 39.R= 640.11 . decreasing; Sample answer: 
= 1055 + 237’ cata 


The ratios in order (rounded to the nearest hundred- 
thousandth) are 0.04360, 0.04332, 0.04305, 0.04279, 
0.04255, 0.04231, 0.04208, and 0.04186. 


43. oe 24-2) 2) xn? _ 
x24 (€+2)@-2) 7 x42 x-2 

- ee 

x+2 x+2 


11.5 MIXED REVIEW (p.675) 49.18 51.162 53.3 -v2, 
34V2 55.37+8t+10 52a*+4a3-a-1 

59. 1000 + 2000r + 1000r? 

6x-—5 
20x? 


3x+4 
“2(x-5) 
3412) 
(x + 4)(x — 2) 
Ax? 4+17x4+5 
(3x -— 1) + 1) 


31 2(4x? + 8x—5) 
“(x + l)(x-2)(x + 4) 


11.6 PRACTICE (pp. 679-681) 5.5 7. 


2-5x 1 155 
ae— 1 15. 7 17. 78x 19. — 
3(x + 3) n= 70) 
x(x — 3) (x -10)(x + 6) 
2 
x +14x-2 

27. ~@x-D@—2) 29. 
27x? — 8x - 14) 

(2x — 1)(x- 3) 
large; they get very large; they get very close to 2; as x gets 
very large, the numbers subtracted in the numerator and 
the denominator become insignificantly small compared to 


2x and x, so the rational expression gets closer and — 


1.2 13. 


21. 23. 25. 
x+5 


x+2 


33. 35. Sample answer: They get very 


at 48x ae 1 
to=2. 37 a ery *y3gty Aha: = 
16 18° 3x 4(x — 6)(x — 8) 
e a Ae Ore ay Se TGs 8) 
4 5x + 12 go, 8x2 = 15x + 19 
G—2(xt 2x + 3) Qx+3)a—-Da+l 
11.6 MIXED REVIEW (p.682) 57. aH 59. ae 
y® 


61. 2x* + 6x-9=0 63. quadratic 
65. | x — 8500|< 1000 
Quiz 2 (p.682) 1 = 2 = 3 = 4. cannot be 
ee oe ST da oo pee 

ee Tx? 3 5 x-3 1 
simplified 5. > 6. 10 Aa 8.749 v7 
feces gy 15 15 30x 
“x41 “x+2’?x-2 “x4+2 —27~ (x+2)(x-2) 
13. 10h 


11.7 PRACTICE (pp. 687-688) : ty? +0y48 
7. 3y +5) 8y2 —2y+0 9.2932 1.x -—5 


13, 5b? +.4b +2 15. panes 17.9¢+3 19.x+6 


2; 
12 


21.3a-—18-— 23.D 25.B 22a-2 


29.2b+ 1-7-5 


31.5g-1+ 33.x+6-—— 


2. 
= x 39.-x+ 4-7 


3 21 1 9 
41.—5m—5—- aE 43.-s+5- 345 45.5c-2+ 


1 
one 


35. -x —4-— 37.b-10+7—>5 


53. increasing 


8 
47.5x+3 49.3x+2 51. 2 0499 


11.7 MIXED REVIEW (p.689) 61.15 63.3 65. 13 
1 41 1 » 6 Ae 2: 
67-13, 25 69. —1- 71. 12; 6; 4; 3; 2.4 


,1 9.3 11.-3 


15. 28 125 19. 13 


11.8 PRACTICE (pp. 694-696) nS 
13. (2, 3) 


21.-27 23.11 25.15 27 2 29.-8,9 31.-8,2 


33.2 35.-8,10 32-4 39.B 41.A 


Selected Answers 


2 2c -6 


attest d 
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ceeecse: 
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Coe reereeanese. 


Teer e ears errr reese ease eee e area eaeeeanees 


43. domain: all real numbers 
except 3 


SELECTED ANSWERS 


OOOOH ESESESESESESESEESEEESESESEEEEEEEEES 


45. domain: all real numbers 


ae | fa 1 1 3% 


49. domain: all real numbers 
except | 


SS eee! 


_ 5000 + 10x 


51.6 hits 53. y sai 


wn 
S 
S 


Average ($) 
w 
8 


100 


0 25 75 125 175 x 
Contributors 
60 3 , 3, 3 _ 3x46 
58.5900 - 100 °” 100 * 50x ~ 100x 
59.) 5 


61. Sample answer: For a > 0, as a increases, the branches 
of the hyperbola (which are in the first and third quadrants) 
become wider and more open. For a < 0, as | a| increases, 
the branches of the hyperbola (which are in the second and 
fourth quadrants) become wider and more open. 


11.8 MIXED REVIEW (p. 697) 69. 9, 8, 7, 6, 5 
71.0, -1,—4,-9,-16 73.0, ; 2, 45, 8 75.62 =36 
77.-47=-16 79.6V2 81.V13 83.16 85.6VI1 
a. 32 
2.5a+5 3.x-44 577 
20 ll 
32-6 6. 4x +3-Z 5 


x 
Quiz 3 (p.697) 1. ¢ —5- 
a A 
re ae 


4.y+6.5+ +24 


Selected Answers 


7-2 8.4 9.3 10.130 11. 


ad : "at oT 

TECHNOLOGY ACTIVITY 11.8 (p.698) 1. y = s+, 

all real numbers except —5 and 5; all real numbers except —5 
3.y= a ; all real numbers except —4 and 3; all real 
numbers except 3 5. y= an 3, all real numbers except 


—1 and 3; all real numbers except -1 7 Sample answer: 
No; they do not have the same domain. The domain of the 
first is all real numbers except —3 and 1; the domain of the 
second is all real numbers except —3. 


CHAPTER 11 REVIEW (pp. 700-702) 1. it 3.4 5.$76 


2: 
— 3 
7.$120 9.y=3x 11. rene 13. x 15. 20x? 
2 
17. Lt 2) Ce ae a 
(x +4) 24x x-2 6x 


25.x+3 27.-4,2 


CHAPTER 12 
SKILL REVIEW (p.708) 1.5.2 2.3.9 3.7V2 4.2V35 


a 6.3 2(x-6)(x+3) 8. (x+ 4)(x- 2) 


9. (2x + 5)? 


12.1 PRACTICE (pp. 712-714) 3. 0, 4, 5.7, 6.9, 8 

5.4, 7, 8.2,9.2,10 7.1.4, 1.7, 2,2.2,2.4 9. Both the 
domain and range are all the nonnegative numbers. 

11. domain: all nonnegative numbers; range: all numbers 
greater than or equal to—10 13. domain: all numbers 
greater than or equal to —5; range: all nonnegative numbers 


5. 


19. 100 Ib/in.? 21.1 23.4 25.5 27 about 1.4 

29.4 31.x217 33.x2-5 35. all nonnegative numbers 
37. all nonnegative numbers 339. all nonnegative numbers 
41.x 2-9 43. all nonnegative numbers 

45. Both the domain and range are 
all the nonnegative numbers. 


49. domain: all nonnegative numbers; 
range: all numbers greater than or 
equal to 4 


51. domain: all numbers greater than 
or equal to 4; range: all nonnegative 
numbers 


55. domain: all numbers greater than or y 
or equal to —2.5; range: all nonnegative 5 
numbers 

3 


57. 1.41 m? 59.a.cm*=cm~ Vem? +cm? =cm~- cm 
c. 1456 cm? (to the 
nearest cm?) 


7. S= m7: 14V142 + h2 
7 


3 3 h 


12.1 MIXED REVIEW (p.714) 65.2V6_ 67.5V7 69, 205 
WV 73.-2=293,-242V3 759-272, 3 4202 


71 “15, 1 79.x249x—-22 81. 10x2—33x+27 


3 _ Ay? a 
83. 6x" —4x°-—8x-2 85. 3 824 

TECHNOLOGY ACTIVITY 12.1 (p. 715) 

1. k moves the graph of y = Vx up k units if k is positive 
and down |k| units if k is negative. 3.-2 5.3 


12.2 PRACTICE (pp.719-720) 5. V7 7.2V6 9.15-6V2 
n. cee 13. 6(\26 )° — 156 = 6(26) - 156 = 0; solution 


15. (6 + V31) — 12(6 + V31) +5 =67 + 12V31 -72- 
12V31 +5=0; solution 17.6 —3V2 ~1.8mi 19. 6V3 
21.V6 23.6V3 25.3V2 27.12V5 29.-V6 31.6 
33.-12 35.21V2+6V6 37a-2bVa +0" 


39. 37—20V3 41. V2 a3, 13 = a7 24 6V3 


49.34 + 18V17 51, 25/3 + 90 53.2-V10,2+V10 


55. JeNa 44M 57.3-V22,3+V22 59, 0.35 sec 
61. 80 ft/sec 


12.2 MIXED REVIEW (p.721) 69. 48 


75. domain: all numbers greater than or equal to 8; range: 
all nonnegative numbers 77. domain: all nonnegative 
numbers; range: all numbers greater than or equal to 4 

79. domain: all numbers greater than or equal to —3; range: 
all nonnegative numbers 


12.3 PRACTICE (pp. 725-727) 5.3 Znosolution 9.3 
11.25 13.3 15.81 12nosolution 19.225 21.216 


23.567 25.17 27.5 29.-9 31. 135 33.272 35.40 


37. no solution 39.5 41.no solution 43.10 45.9 
47.6,48 49.64 51.49 53.1352 55. 157 = 225, not -225; 
xX=225 57.11.85 59.17 61.3,4 63.2 

65. Sample answer: The graphs do not intersect; the graph 
of y= V11x — 30 is entirely in the first quadrant, while the 
graph of y = —x is entirely in the second and fourth 
quadrants. 67.113 69.160 71. about 66.3 min 

73. By the cross product property, ad = b 2 s0 b= Vad. 

75. 4 and 25 


12.3 MIXED REVIEW (p. 728) 83. -V11 JV 11 85. 2,2 
87.-V3, V3 89.4x7-12x+9 91.36y*-16 
93. 4a* — 36ab + 81b?  95.(x—6)* 97.4 99.-3 and2 


QUIZ 1 (p.728) 
1. Both the domain and range are all _,. 
nonnegative numbers. 


2. domain: all numbers greater than 
or equal to 9; range: all nonnegative 
numbers 


3. domain: all numbers greater than 


or equal to + range: all nonnegative 


numbers 


Selected Answers 


PORTE EERE HEHEHE EEE EEE E EEE EEE EEE EEE 


pastes 


Treen ree rae rseer esse reseeseesensaressseseaasrse 


= 
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POPP OOH OHO EEE EEE EEEEE EE EE EEE EEE EEES 


SELECTED ANSWERS 


POSSESS EEE EE EEEEESESESESEESEEEEEEEEEEEES 


4. all nonnegative numbers, all 
numbers greater than or equal 


2 


5.18V10 6.-8V7 725V5 8.3V6+3 9.32+10V7 


ela 11.144 12. 64 13, 4 14.6 15.7 16.3 


10. 3 


7 . 2 
17. Ig lb/in. 


12.4 PRACTICE (pp. 734-735) 3.100 5.25 7.121 
3-V41 34+V41 
2 bi 


9. 7 choices may vary 11.—13,-1 


—5; factoring; the expression 3x24 


54+ V85 
6 ? 


13. no solution 15. -3> 


17x + 10 can be factored (3x + 2)(x +5). 17. 
5a 85 
6 


; quadratic formula; the expression is not 


factorable, and the coefficient of x is odd. 


ve -vé 


19. 3,33 finding square roots; the expression is 


21.16 23.121 25.400 272 


64 
29.6.76 31.4 33.-17,1 35.2,6 37—21,-+ 


3° 32 
-3-V109 -3+V109 -1-2V3, -14+2V3 
, a 


equivalent to x” = 2. 


oS 

gg, 10=VI07 JOENIOT gg 5 gp == V4 
2 2 4 

=3 tal 49, 20 = 1s: 30 + 1S 51. V3, V3: 


factoring or finding square roots; both methods are easily 
applied. 53. 2, 2; factoring or finding square roots; 
both methods are easily applied. 55.—11, 5; completing 


the square or factoring; a = | and b is an even number. 
57-1 -3V3,-1+3V3 59.-4,4 

12-V174 124+V174 

6 ; 6 
67.-10-3V10,-10+3V10 69. 2x(x +5) = 600; 
30 ft by 20 ft 71. about 8.58 ft 73. about 11.8 ft 


12.4 MIXED REVIEW (p. 736) 81. 33, 3,1 83. -4, —6, none 


85. (2,8) 87(3,-2) 89.-3V7,3V7 91.-6,6 93.-3,3 
97.-4,8 99.-6,—5 
101.3 103. (x + 5)(x—-4) 


105. cannot be factored 
107. (2x — 3)(x + 1) 


61. 63.0,2 65. -3, 7 


Selected Answers 


12.5 PRACTICE (pp. 741-742) 5.12 240 9.37 11.29 
13.5 15. 2V10, or about 6.32. 17. 5V7, or about 13.23 
19.24, 18 21.5,10 23.1, V2, or 1, about 1.41 

25. Yes; 97 + 127=225= 157. 27.No; 87+ 107 = 164 and 
137=169. 29. Yes; 157 + 20° = 625 = 25”. 

31. Yes; 11° + 60 = 3721 =61*. 33. Yes; 9.97 + 27 = 
102.01 = 10.17. 35. hypothesis: a polygon is a square; 
conclusion: it is a parallelogram 37. hypothesis: the area 
of a square is 25 sq. ft; conclusion: the length of a side is 
5 ft 39. about 116.6 ft 41. 113.58 ft 43. about 55.6 in. 


12.5 MIXED REVIEW (p. 743) 


-1-V41 -14+V41 
7 * 3 


55. no x-intercepts 57. 


59. sts ae 61.-4— 26, -4 + V26 


63.2-V5,2+V5 65. (4x—5)(4x+5) 67 7(x—2)" 
69. —3(4x-—9)? 71.0.04< x < 0.33 

Quiz 2 (p.744) 1.-2,5 2. et AeA 
5.<1=V3,-14V3 4:0 5. yes 6. yes 713 8.60 
9.16 10. 2000 ft 


12.6 PRACTICE (pp. 748-749) 3. Estimates may vary; 5.66 
5. Estimates may vary; 6.71 7 yes 9.no 


11. 4,4 13.25 yd 15.12.08 178.60 19. 4.24 


21.9 23.10.63 25.2.69 272no 29. yes 31.no 
5 


33. yes 35. (0,4) 37(3,3) 39.(3,5) 41. -2,-3 


43. (. +) 45. 2, —4) 47. Estimates may vary; 
about 460 mi 51. (-1, 0), (14 0), (+. -2) 


53. The perimeter of the original triangle, 14.78, is twice 
that of the perimeter of the new triangle, 7.39. 

55. You could meet at a point | mi east and | mi north of 
the starting point. Both you and your friend would each 
have to walk V13 ~3.6 mi. 57 Side DC is parallel to side 
AB because both have slope 2. Sides CB and DA are not 


parallel because DA has slope —3 and CB has slope +. 
12.6 MIXED REVIEW (p.750) 65. 3x(x + 5)(x— 1) 


Tx? — 2x 


67. inverse variation 69. neither 71. i4 


73. 30(14) = 21x; 20 in. 


= 


12.7 PRACTICE (pp. 755-757) 3.5~ 5. Z 


34 7.e = 27.16, 


f= 56.02 9, about 459 ft; on aS ft WsinR=2, 
_12 5 2 
cos R= 13° an R=45 12° sin § = +2, cos S= 2. tan $= 5 
13.b = 12.81,c=21.29 15.x = 13.42, y= 19.90 
17.v=51.96,w=60 19. about 172 ft 21. about 170 ft 


23. 11.56 km 


12.7 MIXED REVIEW (p.757) 29. False; the opposite of a 
positive number is negative. 31.-p*—p 33.x7+3x 


35. —24x - 6x? 37. 2x74 6x74 15x46 39. 5x7-4x +12 
3 BO 4-1) 
ae) tox Gen 


12.8 PRACTICE (pp. 761-763) 13. Multiplication axiom of 

equality; Substitution property of equality 

15. a—b=a + (-b) Definition of subtraction 
a-—b=-b+a_ Commutative property of addition 

17. a+ (—1)(a) = 1(a) + (-1)(a@) Identity property of 


multiplication 

=[1+(1)](a) Distributive property 

= (0)(a) Inverse property of 
addition 

=0 Multiplication property 
of 0 


Since a + (—1)(a) = 0, (-1)(a) = —a by definition. 


19. Sample answer: (1 + 2)? #17+2? 21. Sample answer: 


2 and 3 are integers, but Ed is not an integer. 23. Yes; this 
map shows that the proposal is false. 25. Assume that p is 
an integer, p7 is odd, and p is even. Let p = 2n. Then p? = 
(2n)* = 4n? = 2(2n7), an even number, which is impossible 
since p” is odd. Then p must be odd. 27. Assume that 

ac > bc, c>0, and a < b. By the multiplication property of 
inequality, ac < bc, which is impossible since it was given 
that ac > bc. Then a> b. 


12.8 MIXED REVIEW (p. 764) 31. no real solutions 

33. one solution 35. two solutions 37. two solutions 
39. two solutions 41. nota solution 43. not a solution 
45. solution 47 notasolution 49.82% 51. 200% 

53. $15.15 


Quiz 3 (p.764) 1. 13.42: (4,-3) 2. 10; (2,—-8) 3. 16.12; 
(4,-7) 4.16; (-8,0) 5.6; (0, 4) 6. 10.30;(-3 2 5) 


3 1, cif a 
25;(0,-3} 8. 7.28; (3 2} 9. 8.06; (3.0) 


10. sin A=, cos A=, tan A =3; sin B= cos B= 3, 


i 
foe! 15 8 J. 
tan B= 3 11. sin A = 17° COS A = 17? tan A = 3° 
: _ 8 15 _ 8 
sin B= 77, cos B=--, tan B= 75 


12. (a—b)c=[a+(—b)]c Definition of subtraction 
=a(c)+(—b)c Distributive property 
=ac+(-bc) (-—b)c=—bec 
=ac—bec Definition of subtraction 


13. Any real numbers a, b, and c witha <bandc <0. 
Sample answer: a= 1,b=2, and c =-1: 1 <2, and 
1(-1) >2(-1). 14. Accept any real numbers a and b 
with b #0. Sample answer: a= 1 and b=2;-(1+2)# 
(1) =(=2). 

CHAPTER 12 REVIEW (pp. 766-768) 
1. Both the domain and range are all 
nonnegative numbers. 


3. domain: all nonnegative numbers; 
range: all numbers greater than or 
equal to 3 


5. 6V2 —8V3_ 7.11+4V6 9.2 11.no solutions 
13.2-2V3,242V3 15,2 US THUS 


17. 1 


19. 3V10, (2. 4) 


property of multiplication 


21. 2V29, (0,3) 23. commutative 


CUMULATIVE PRACTICE (pp. 772-773) 1. 7 > 16;m2>112 
3.1=35(3); 11 mi 6-2 2-63 9-15 1.115 
13.-49 15. a 17.—-5.35 19. Accept any equation of 
the form y = ox + b for any number b except -1. 


21. function; domain: —1, 1, 3, 5, 7; range: -1, 1, 3,5 
23. function; domain: —2, —1, 0, 1, 2; range: —2, -1, 0, 1 


25. 4x-Sy=15 2-2<x<3 -§ 


29.x>3o0rx<2 31. (24, 21) 


10123 45 
5 
33. b°; 64 35.—-8a3b®;-512 37-42; 128 
a 


V39_ _V39 
72 


. two solutions; 41. one solution; —1 


(x —28)(4+4) 45. (2x43)? 472 (x-7)? 49.-1 


2 2 1 
.-5,-2,2 53.3 58.5 525-59. 


i 
22 
x(2x — 7) 
(x + 4)(x - 1) 

_-15V2 o3, I+ 1INS 65. b = 19.80, c = 21.36 


: 135 months 


Selected Answers 
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SKILLS REVIEW HANDBOOK 


FACTORS AND MULTIPLES (p.778) 1. 1, 2, 3, 6,9, 18 
3..1,7.11,77 5.1;3,9,27 71,2, 3,6, 7, 14,21,42 

9. 1, 2,4, 13, 26,52 11.1,11,121 13.3° 15.2° 
175-11 19.24-3 21.2-37-5 233-13 
95.29 = 7-13. 222” 99.1, 3,5, 15 30 1,5 33. 1,3,9 
35.1,5 325 39.1 41.14 43.51 45.2 47.29 49.14 
51.1 53.35 55.48 5712 59.420 61.100 63.51 
65.70 67.330 


COMPARING AND ORDERING NUMBERS (p.780) 1. < 
3.> 5.< 72< 9< 11> 13.= 15.> 12> 19.> 
21.> 23. 40,071; 40,099; 45,242; 45,617 25. 9.003, 


1355 15,1 4,253 7 
a a2 9.27,9.3 27. Ped 29. 16° Ig, 12, 34 


S) 
1 
31. 12 8° 4 I3 33. Goran 


FRACTION OPERATIONS (p. 783) 1.2 3.5 5.2 


3 13 1 7 1 

9. 28 11. 15a 13. 85 15. 356 17. 7 
3 5 5 1 1 

23. 25 25. 6 27.3 29. 32 31. 35 33. A 


2 1 1 17 13 
3 41. 1G 43. ls 45.6 47. 20 49. 16 
2 


7 11 29) 
55.-5 5225 65. 978 in. 


1 

7.139 
5 

19.13 21.20 


1 2 
35. 6 37. 3 


3 

51.1 53.5 8 
3 11 

18 6 59. Is 61. 149 63. 20 

FRACTIONS, DECIMALS, AND PERCENTS (p. 785) 


63 6 17 9 
1. 0.63, 00 3. 0.24, 25 5. 0.17, 00 7.0.45, 20 


= Al 5 13 3 
9. 0.3, 3 11. 0.625, 8 13. 0.052, 250 15. 0.0012, 3500 


2 1 4 
17. 8%, 25 21. 5%, 30 23. 480%, 45 
i 


3 13 
25. 375%, 37 27.52%, 95 29. 0.5%, 300 31: 0.7, 70% 


33.0.44,44% 35.0.375,37.5% 37.5.125, 512.5% 
39. 0.875, 87.5% 41. 0.833, 83.3% 43. 0.533, 53.3% 
45. 1.417, 141.7% 


19. 150%, 15 


USING PERCENT (p. 786) 1. 165% 3.37.5% 5. 665% 


7.162% 9.18.75% 11.9 13.48 15.38 17.42 
19. $1.04 21. $3.38 


RATIO AND RATE (p. 787) 1. 15 to 4 3.2 5.15 7.17:3 


9.2to3 1.15to7 13.1 to4 15. $22.50 per ticket 
17.52 miles per hour 19. 28 miles per gallon 21. $.10 per 
minute 23.21.6 meters per second 25. $1.12 per mile 


COUNTING METHODS (p.789) 1.9 outfits 3. 56,700 pairs 
5. 10,000 numbers 7. 67,600 PINs; 58,500 PINs 


PERIMETER, AREA, AND VOLUME (p. 791) 1. 34 units 
3.84 ft 5.72 ft 72841 yd? 9.12.25in.” 11.51.84 cm? 
13.2025 km? 15. 15,625 ft? 17.420 yd? 19. 212 in? 


DATA DISPLAYS (p.794) 1-9 odd: Sample answers are 
given. 1.0—25 with increases of 5 3. 0—20 with increases 
of 5 


Selected Answers 


5. Ski Runs 7. Stock Prices 


Intermediate 


9. Fat in One Tablespoon 
of Canola Oil 


Nd 
Ss 
PIS 


6 oo 
S} ) 
MIS 


Year 


Saturated 


Polyunsaturated 


Monounsaturated 


PROBLEM SOLVING (p. 796) 1. 5 sandwiches, 3 cartons of 
milk 3. $26.25 5. no later than 6:25 A.M. 7 10 groups 
9. The problem cannot be solved; not enough information 
is given. 


EXTRA PRACTICE 


CHAPTER 1 (p.797) 1.105 3.18 5.526 275 9.1536 
11.216 13.83 15.15 1731 19.7 21.3 23.3 

25.7 27.24 29. solution 31. solution 33. solution 

35. nota solution 37. 25n— 13 =37 

39. Wireless Subscribers Wireless Subscribers 


80 80 

_ 70 70 
= 60 = 60 
50 50 

40 2 40 

30 

20 20 

10 10 

0 


0 
m ok © © S\ 2) ok oO 6 S\ od 
PP LY LPP SH SMI MH 
Year Year 


41. Input: 0, 1, 2, 3; 43. Input: 0, 1, 2, 3; 
Output: 4.5, 5.5, 6.5, 7.5 Output: 0, 1, 2,3 
y y 


Subscribers ( 

wo 

oO 
Subscribers (mil) 


CHAPTER 2 (p. 798) 


1. -7 8 3. -2.5-24 
——\e—_+—_+—_+—_o— \ A 
-8 -4 0 4 8 —_+e+\_}+"_+—_ 
-7<8,8>-7 Se ees 
, —2.5 <—2.4, -—2.4 >-2.5 
5.8.5 727 9.5 11.-2 13.3 15.-3 17-13 19.4 
6 2 —-3 210 
21.7.3 23.—-12 2.|¢ | z2| 0 3 | 29. —45 
31.32x 33.-c* 35.4a* 324a—24 39.-r7+5r 


41. 6x7 + 24x 43.3z-8.4 45.3.1m 47.2—4t 49. 6x7 +5 


51. 3x 53. —4 55, = 57.—32x 59.66 61.1 to4 
CHAPTER 3 (p.799) 1.14 3.16 5.-3 23 9.5 
11. -20 13.5 15.-4 17.4 19.3 21.40 23. 4 


25.1 27. allreal numbers 29. no solution 
7in.,9 in. 33. —-7.46 


Tin. 


Shad 


35.0.27 321.01 39. y=-x+3;5,4,3,2 41. y= 5x+7; 


a | _ 
25,-j pp 2g 43. y=x- 12;-14,-13,-12,-11 


45. $.60 per yogurt snack 47. 48.8 mi/h 49. 0.75 cup 
51.64% 53. 36% 


CHAPTER 4 (p. 800) 


29.-1 31.y=3x 


33. y=—Lx 35.y=x 37. y = 2x 39.$525 41.y=3 


8 5 
43.y=-4 45.y=x4+1 47 y=3x-4 iP 
49.-6 51.2 53.3 55. 4 


3 
57. not a function 59. not a function 


CHAPTER 5 (p.801) 1.y=2x+1 3.y=x-3 5. y=3x4+3 


Ry=6 Sy=4xt1l Wy=5x-2 13.y=3x-11 
15. y= Lx -6 Zy=7 19.y=-x+2 


3 
Sample answer: y = q*-> 


23. y—3 =-2(x-—5); y=-2x 413 25. y—-4=5(—-5); 
y=5x—21 an y+5=-243);y=-3x- 10 


29. y-4=-4 (x2) sys-ut5 31.3x—-y=17 

33.3x-4y=-3 35.y=7 325x-y=-5 

39. Windchill for Wind 41. Solution may vary 
Steerer ey depending upon method 

used to derive the linear 

model; —1°F. 


Windchill 
temperature (°F) 


) 15 25 35 
Actual temperature (°F) 


CHAPTER 6 (p.802) 1. x >—9 
-15-12-9 -6 -3 0 3 


3.y S57 se ett. k S18 72x>-2 
0 2 4 6 8 10 


9.x2>-12 1.x2-1 13.x<-2 


15.42>x>-1 11.-6<x<5 
eee + —6 5 
-1 012 3 45 tO OH 


-8 -4 0 4 8 


19.x>30rxS1 ——e-++-o——————s 21. - 14, -6 
-1 0123 465 


1 
23. 1,7 25.x<—-8 orx 253 27. Baa) 
y= —2 
=) Al 1 ane 
rt =| n 
—3 
35. 2x + 1.25y < 20 
a 
a 
gE 
33 
hans 
$2 
ES 
2 
0 4 8 12 
Number of drinks 
3711/3 6 39. 0/2 8 
2/1 2 1|)9 
3/1 3 5 2}1 27 
4;0 15 3/8 9 9 
5/1 4413469 
615 6 Key: 6|5=65 5|1 46 
610 2 3 Key: 6 | 0 =60 


41.12, 13,13 43.129, 123,112 45. 16, 31, 76 
47. 20, 26.5,77 49. +++4++7-—-—-++- +++ 
0 2 4 6 8 10 


23 6 7.5 9 


CHAPTER 7 (p.803) 1. (—2,5) 3. 


Selected Answers 


re eee rr 
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SELECTED ANSWERS 


SOSH EEE SEES EEEEEESESESEEEEEEESEEEEEEES 


5.(-1,-4) 2(4,5) 9.(-5,-1) 11.(6,3) 13. (s4, 4) 


15. (isd, 2) 17.(2,0) 19.(0,-2) 21. (13, -2) 


23. (4,-28) 25.3 student, 5 adult 27 Company A 
29. no solution 31. one solution, (0, —5) 
33. infinitely many solutions 35. no solution 


CHAPTER 8 (p.804) 1. 7°, or 16,807 3. 1728x? 


5.-128r4s® 7. 675x7y? a> 11. x’y ico. 15. 6x4 
m y 


3.9 25 17 
a3, 2 i ae 27. | 29. 4g = 0.005 
31. 31,100 33.9.43 35. 0.0012468 37 60,901,300,000 
39. 3.78 X 10° 41.3.3 X 10” 43. 2.08054 x 107! 
45. 8.91 X 10°+ 47. $1791.78 49. $3724.99 


51. exponential decay; 0.5; 50% aa growth; 


1.04; 4% 55. exponential decay; + 3333 lay 


57. exponential decay; 0.68; 32% 


CHAPTER 9 (p.805) 1.-10 3.-0.5 5.19.47 7 14.83 
9.—-5,5 11.no solution 13.—4,4 15. V3, V3 
V10 


17, about 3.06 sec 19.168 21.—84V5 23.2 oi 


33. ty = —3x? + 12x—1 


35.-3,-2 37-6,6 39.-3,3 41.-1,3 
43. 372+ 87-42 =0; Ao, 4+ VI0 
45.-x* + 5x-4=0;1,4 


e124? 6-5-0, =D, 349 


49. -2x? +x + 10 =0; -2, 3 
53.0; one solution 55. —136; no real solution 
57. —47; no real solution 67 quadratic 


51. 0; one solution 


Selected Answers 


CHAPTER 10 (p.806) 1.8x*+1 3. 14x7-7x+8 
5.x2+9x—-4 274x3-8x247x 9. 15b>—10b* + 5b? 
11.47+4d—5 13.x°4274+18 15.x7+18x481 
17.a7-—4 19. 16x*+40x+25 21.4a7-9b? 


23.-3,-6 25. 1,—5 27.3,7 29. 1,2 


31. 6, 8; (7, -1) 33.5, 7; (6, -1) 
35.5, 9; (7, 4) 


37. —1, 3; (1, -4) 


39.-3 41.6 43.6,9 45.-4,6 47-2, 15 49. = 

51. -4, 2 53. -25, 8 55. (x + 1)(x— 1); difference of 

two squares 52 (11 —x)(11 +x); difference of 

two squares 59. (f+ iW perfect square trinomial 

61. (Sy + 3)*; perfect square trinomial 63. x7(x + 3)(x— 3) 
65..x7(x + 9)(x—5) 62-3y(y + 4)(y + 1) 69. 7x4(x? - 3) 
71. 2 in. by 6 in. by 15 in. 


CHAPTER 11 (p.807) 1.-4,4 3.4 5.6 2-6,1 9.24 
11.21 lb 13.252 15. inverse variation; xy = 2 


2x3 = 1 1 x? 5 
2-3 19: Bg 28.5 25 ee 32 


5x 1 —4x - 61 63x — 
sy BOE DG_-D BF yg 3 


37.2x? 4x44 39.2(2x-1) 41.-4,10 43.3 45.6 


CHAPTER 12 (p. 808) 

1. all nonnegative numbers; 
all nonnegative numbers 

3. all numbers greater than 
than or equal to —3; 

all nonnegative numbers 


29. 
x 


5. all numbers greater than or equal to 2; all nonnegative 


numbers 7. all numbers greater than or equal to -4, 
all nonnegative numbers 9. 5V5 11. 16V2 


13. 7V3 —3V2 15, 0 17.121 19.5 21.2,6 
23.-14,4 25.2,5 a7 $= LL Onn en copay, 
31.a=8 33.a=20 35.4.12; (2,42) 37. 5; (2.5, -2) 


39. 8; (3,-6) 41. 18.36; (4, 74 43. sin D=%, cos D=3, 


3 23 ae ape 
tan D =; sin E= 3, cos B=, tanE=4 45. sin D= > 
cos D = 42, tan D = 1; sin E= 42, cos B= 22, tan E = | 


47.a = 25.37, b=9.23 49. any nonzero numbers b and c 
and any nonzero number a except | 


